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EXECUTIVE SUMMARY

This Resource Conservation and Recovery Act (RCRA) Facility Investigation (RFI) presents the results of
the surface soil investigation conducted at UXO 7 located at the Naval Surface Warfare Center (NSWC),
Crane, Indiana. Tetra Tech NUS, Inc. (TtNUS) prepared this report for the United States Navy, Naval
Facilities Engineering Command (NAVFAC) Midwest under Contract Task Order (CTO) 0034 of the
Comprehensive long-Term Environmental Action Navy (CLEAN) IV Contract Number N62467-04-D-0055.
The purpose for this investigation was to determine whether munitions constituents (MC) (primarily
metals) and polynuclear aromatic hydrocarbons (PAHS) from clay targets were present at concentrations
greater than screening levels, the nature and extent of any contamination, and whether significant risk

was present.

PURPOSE OF REPORT

The report summarizes RFI field activities conducted in 2007, describes the nature and extent of
contamination, and presents human health and ecological risk assessments. All RFI fieldwork and the
development of the baseline human health and screening-level ecological risk evaluations were
conducted in accordance with the United States Environmental Protection Agency (U.S. EPA)-approved
Quality Assurance Project Plan (QAPP) Addendum No. 2 for UXO 5 and UXO 7 (TtNUS, 2007).

SITE DESCRIPTION

UXO 7 is located within Solid Waste Management Unit (SWMU) 7, which is centrally located within
NSWC Crane. Several investigations have previously been conducted at SWMU 7 under the Navy
Environmental Restoration Program, and during those investigations, three new ranges were identified,
the former West Trap Range, former East Trap Range, and former South Pistol Range. Because lead
was not previously investigated at SWMU 7, the Old Rifle Range (ORR), along with its Main Target Area
and associated shooting lanes, was also incorporated into this field investigation. None of the ranges
identified are currently in use at UXO 7 and are closed. The investigation of these ranges was conducted

under the Military Munitions Response Program (MMRP).

FIELD AND ANALYTICAL PROGRAM

Metals, primarily lead from bullets and shot, and PAHs from clay targets at the skeet and trap ranges,

were the primary constituents of concern for the analytical program for surface soil.

080806/P ES-1 CTO F272
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A total of 189 soil sample locations were identified among the main areas of concern and subsequently
sampled at depths to 2 feet below ground surface (bgs). The soil from each sample location was
homogenized, and a representative portion was selected for analysis. Each sample collected was initially
analyzed in the field for lead by X-Ray Fluorescence (XRF) equipment in accordance with Standard
Operating Procedure (SOP) CTOO034-07. Select representative samples were then sent to a fixed-base
laboratory for Target Analyte List (TAL) metals analysis. Based on the composition of clay pigeons used
at the East and West Trap Ranges, some samples collected within those two areas were also analyzed
for PAHSs.

A few sample locations located at the 400-yard firing berm (X7SB045, X7SB046) and an area located
between the 400- and 500-yard firing berms (X7SB055) had initial average field XRF readings greater
than the 400 milligrams per kilogram (mg/kg) screening level. Additional samples were then collected in

these areas to delineate any lead contamination.

To define risk at UXO 7, the human health and ecological risk assessments divided UXO 7 into three
distinct zones for evaluation: (1) Northern Zone (500- and 400-yard firing positions and dirt mound);
(2) Central Zone (300-, 200-, and 100-yard firing positions and former East and West Trap Ranges); and
(3) Southern Zone (main targets and barricade, hillside impact area, and former South Pistol Range).

HUMAN HEALTH RISK ASSESSMENT

The human receptors evaluated for UXO 7 were the construction worker, maintenance worker,
occupational worker, adolescent trespasser, child and adult recreational user, and future adult and child

residents. Surface soil was the human health exposure pathway evaluated for UXO 7.

No significant potential human health risks are expected for exposures to surface soil under current land
use at UXO 7. Under future land use, non-carcinogenic and/or carcinogenic risks exceeded U.S. EPA risk
benchmarks for future construction workers and hypothetical future residents. The risk to construction
workers was due to exposure to manganese via inhalation of dust and particulates. As discussed in the
human health risk assessment (HHRA), the concentrations of manganese were found to be at
background levels at NSWC Crane and therefore the associated risks are not considered to be related to
past site activities. The risks for future residents were due to direct exposure to carcinogenic PAHSs in
surface soil under the unlikely assumption that UXO 7 was to be developed for residential use in the
future. The risk is associated with PAH exceedances in samples X7S5S1210002 and X7SS1230002.
Removal of surface soil within the area of these two sample locations would achieve acceptable chemical

concentrations for hypothetical future residents (adult/child).
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ECOLOGICAL RISK ASSESMENTS

A screening-level ecological risk assessment (SERA) was conducted at UXO 7. The ecological receptors
evaluated in the screening assessment include those directly exposed to chemicals in surface soil (i.e.,
plants, soil invertebrates, herbivorous birds and mammals, soil invertebrate-eating birds and mammals,

and reptiles).

Chemicals retained as COPCs were further evaluated as part of the Step 3a refinement process. The
COPC:s initially selected then underwent further evaluation as part of the Step 3a evaluation process.
Lead was the only contaminant retained as a COPC because the NOAEL EEQ for the woodcock, based
on less conservative food-chain models, was much greater than 1.0 in the sample locations near the
400-yard firing berm at the ORR in the Northern Zone.

CONCLUSIONS

Table ES-1 contains a summary of receptor-specific human health risks and hazards and ecological risks
and identifies critical pathways and chemicals of concern for UXO 7, and where necessary, presents

recommendations for further actions.

Upon evaluation of the data obtained during this investigation, the consideration of site operational
history, the data generated during past investigations, and the development of baseline HHRA and SERA

for UXO 7, the following conclusions were reached:

e The soil data collected during the RFI were adequate to support the development of baseline human

health and screening-level ecological risk assessments for UXO 7.

e Lead and PAHSs, the primary constituents of concern at UXO 7, were detected at concentrations

greater than screening levels in surface soil.
e UXO 7 incremental cumulative cancer risks for all human receptor pathways were estimated to be
within, or less than, the EPA risk range of 1x10° to 1x10™; therefore, the Navy believes the risk is

acceptable.

e Risks to terrestrial plants and invertebrates from organic and inorganic chemicals in surface soil at

UXO 7 were estimated to be low to negligible.
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e Risk to mammals and birds from lead in surface soil were determined to be unacceptable in the
Northern Zone. However, for the receptors at risk from copper and lead within the Northern Zone,
removal of all samples with lead concentrations greater than 400 mg/kg (X7SS0390002,
X7SS0460002, X7SS0550002, and X7SS1740002) would achieve acceptable chemical
concentrations for ecological protection.
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TABLE ES-1

SUMMARY OF RECEPTOR-SPECIFIC HUMAN HEALTH RISKS AND HAZARDS, ECOLOGICAL RISKS, AND RECOMMENDATIONS
UXO 7 - RFI REPORT
NSWC CRANE
CRANE, INDIANA

Overall Overall Hazard
Receptor Environmental Carcinogenic Overall Risk Critical Pathways and )
) ) . Index . ) Recommendations
Population Medium Risk (Ecological) Chemicals of Concern
(Human)
(Human)
Construction 3.0E-07 0.006 - Soil dermal contact (surface)
Workers Surface Soil 1.0E-06 0.5 NA - Soil ingestion (surface) NFA
(future land use) 1.0E-06 5.0 - Inhalation of air/dust/emissions (surface) (manganese)
Maintenance .
Workers (current and Surface Soil 8.0E-07 0.0007 NA - Soil dermal contact (surface) NFA
1.0E-06 0.03 - Soil ingestion (surface)
future land use)
Occupational .
Workers (current and Surface Soil 8.0E-06 0.007 NA - Soil dermal contact (surface) NFA
1.0E-05 0.3 - Soil ingestion (surface)

future land use)
Adolescent
Trespassers (6 to 17 . 2.0E-06 0.04 - Soil dermal contact (surface)
years) (current and Surface Soil 2.0E-06 0.006 NA - Soil ingestion (surface) NFA
future land use)
Small Child (0 to 6
years) Recreational . 9.0E-06 0.007 - Soil dermal contact (surface)
User (future land Surface Soil 1.0E-05 0.3 NA - Soil ingestion (surface) NFA
use)
Adult Recreational .

. 3.0E-06 0.001 - Soil dermal contact (surface)
ESS:; (future land Surface Soil 2.0E-06 0.03 NA - Soil ingestion (surface) NFA
On-base Residents .
(Children) (future Surface Soil 5.0E-05 0.04 NA - Soil dermal contact (surface) ) Proceed to CMS

2.0E-04 3.0 - Soil ingestion (surface) (carcinogenic PAHs)

land use)
On-base Residents .

. 1.0E-05 0.006 - Soil dermal contact (surface)
322;“0 (future land Surface Soil 3.0E-05 0.4 NA - Soil ingestion (surface) (carcinogenic PAHSs) Proceed to CMS
Terrestrial Plants Surface Soil NA NA Acceptable NA NFA
and Invertebrates
Mammals and Birds Surface Soil NA NA Unacceptable Lead Proceed to CMS

NA = Not applicable.

NFA = No further action.

PAHSs = Polynulcear aromatic hydrocarbons.
CMS = Corrective Measures Study.
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1.0 INTRODUCTION

1.1 PURPOSE AND SCOPE

This Resource Conservation and Recovery Act (RCRA) Facility Investigation (RFI) was performed for the
United States Navy, Naval Facilities Engineering Command (NAVFAC) Midwest by Tetra Tech NUS, Inc.
(TtNUS) under Contract Task Order (CTO) 0034 of the Comprehensive Long-Term Environmental Action
Navy (CLEAN) IV Contract Number N62467-04-D-0055. Unexploded Ordnance (UXO) 7 is a closed
military range. Investigations of closed military ranges are conducted under the Navy Military Munitions
Response Program (MMRP). The Department of Defense (DoD) has specified that MMRP investigations
be conducted under the Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA). Naval Surface Warfare Center (NSWC) Crane is not listed on the CERCLA National Priorities
List (NPL); therefore, the investigation of UXO 7 at NSWC Crane was conducted under the RCRA

Corrective Action Program.

1.2 FACILITY DESCRIPTION

NSWC Crane is located in the southern portion of Indiana, approximately 75 miles southwest of
Indianapolis and 71 miles northwest of Louisville, Kentucky, immediately east of Crane Village and Burns
City (Figure 1-1). NSWC Crane encompasses 62,463 acres (approximately 98 square miles), most of
which are located in the northern portion of Martin County. Smaller portions of NSWC Crane are located
in Greene, Daviess, and Lawrence Counties. NSWC Crane is located in a rural, sparsely populated area.

Most of NSWC Crane is forested, and the surrounding area is wooded or farmed land.

NSWC Crane provides material, technical, and logistical support to the Navy for equipment, shipboard
weapons systems, and nonexpendable ordnance items. In addition, NSWC Crane supports the Crane
Army Ammunition Activity with production, renovation, storage, shipment, demilitarization, and disposal of

conventional ammunition.

1.3 SITE DESCRIPTION

UXO 7, including the former West Trap Range, former East Trap Range, former South Pistol Range, and
former Old Rifle Range (ORR), is located within Solid Waste Management Unit (SWMU) 7, which
encompasses approximately 20 acres at NSWC Crane. UXO 7 is located immediately west of NSWC
Crane Highway 8 in the flat-lying floodplain of Turkey Creek (Figure 1-2). The site consists of a flat grass-

covered area bisected from north to south by an unnamed but maintained gravel road. This road
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provides access to various groundwater monitoring wells located within SWMU 7 and to an active powder
burning area that is a RCRA-permitted open burning (OB) facility. The four closed ranges (West Trap
Range, East Trap Range, South Pistol Range, and ORR), were identified during previous RFI activities
conducted at SWMU 7. Munitions used at all of these closed ranges consisted of small arms. During a
preliminary site visit by Tetra Tech NUS, Inc. (TtNUS), no visual munitions and explosives of concern
(MEC) were observed, and based on the nature of the site operation, MEC is not suspected to be
present. Munitions constituents (MCs) that are present consisted of metals (primarily lead and to a lesser
extent antimony, arsenic, copper, zinc, and tin) and polynuclear aromatic hydrocarbons (PAHs) from clay
targets at the skeet and trap ranges. Contamination present at the site was located in surface soil. Site
features and approximate boundaries for the individual sites that make up UXO 7 are presented on

Figure 2-1.

It is believed that the Navy routinely removed the top portions of the berms at the target areas to remove

any possible lead bullets\fragments to avoid ricocheting and replace with fresh soil.

For purposes of the human health and ecological risk assessments in Sections 6.0 and 7.0, respectively,
UXO 7 will be discussed as three distinct zones. The Northern Zone (500- and 400-yard firing positions
and dirt mound), the Central Zone (300-, 200-, and 100-yard firing positions and former East and West
Trap Ranges), and the Southern Zone (main targets and barricade, hillside impact area, and former

South Pistol Range).

14 SELECTION OF CHEMICALS OF CONCERN

The chemicals of concern (COCs) for the RFI were selected based on the known uses of the site as a

former rifle and pistol range and trap and skeet ranges and include lead and PAHSs.

15 SITE PHYSICAL CHARACTERISTICS

The physical characteristics of the site are discussed in Sections 1.4.2 through 1.4.6 of the Quality
Assurance Project Plan (QAPP) (TtNUS, 2004).

1.6 SCOPE OF WORK

The field investigation was conducted to identify COCs (i.e., metals and PAHS) that may exist as a result
of past operations at the site. If contaminants are present at concentrations posing a risk to human or
ecological receptors, further investigation may be warranted. Surface soil samples [0 to 2 feet below

ground surface (bgs)] were collected within the individual areas at the site.
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Because surface water and sediment associated with the nearby Turkey Creek had previously been

investigated, no sampling of these media occurred during this RFI.

1.7 REPORT ORGANIZATION

The following sections are presented in the remainder of this document:

e Section 2.0: Field Investigation

e Section 3.0: Data Report/Data Quality Review

e Section 4.0: Nature and Extent and COPC Selection
e Section 5.0: Chemical Fate and Transport Analysis
e Section 6.0: Human Health Risk Assessment

e Section 7.0: Ecological Risk Assessment

e Section 8.0: Conclusions and Recommendations

080806/P 1-3
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2.0 FIELD INVESTIGATION

This section describes the sampling activities, procedures, and documentation utilized during the field
activities performed in October 2007 at NSWC Crane, UXO 7.

2.1 OVERVIEW

UXO 7 is an area at NSWC Crane located within SWMU 7 that contains three closed ranges, the East
Trap Range, the West Trap Range, and the South Pistol Range. A fourth area located within SWMU 7 is
the closed ORR, including its Main Target Area and associated shooting lanes. Because lead had not
previously been investigated at the ORR, this closed range was also incorporated into the UXO 7 field
investigation. All samples during the UXO 7 RFI were collected by hand auger from 0 to 2 feet bgs (see
Table 2-1). All soil samples were analyzed in the field for lead via X-Ray Fluorescence (XRF). Metals
analysis at a fixed-base laboratory was conducted on select samples within each of the four investigative
* areas at UXO 7. PAH analysis at a fixed-base laboratory was conducted only on samples collected from
the East and West Trap Ranges because clay targets were only used within these two areas. Table 2-2

summarizes which samples were selected for fixed-base laboratory analysis.

All work performed for this field investigation was conducted in accordance with the procedures and
methodologies described in the United States Environmental Protection Agency (U.S. EPA)-approved
QAPP Addendum No. 2 (TtNUS, 2007). Standard Operating Procedures (SOPs) that governed the field
work are included in Appendix A of the approved QAPP. Sample log sheets, field documentation,
photographs, and other supporting documentation associated with this field investigation are provided in
Appendices A through F of this document.

2.2 MOBILIZATION/DEMOBILIZATION

Following approval of the QAPP, TtNUS personnel began mobilization activities on October 1, 2007. All
field team members reviewed the approved QAPP, associated appendices, and Health and Safety Plan
(HASP) prior to the start of project activities. In addition, the Field Operations Leader (FOL) held a field
team orientation meeting to ensure that personnel were familiar with the scope of the field activities.

Prior to the initiation of fieldwork, the FOL arrived at the site and began on-site mobilization activities.

These activities included coordination with NSWC Crane personnel and utility clearance of all proposed
boring locations through the Indiana Underground Plant Protection Service (lUPPS). The equipment
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required for the field activities was shipped to the site. At the conclusion of field aCtivities, the FOL

completed the decontamination and demobilization of all equipment.

2.3 SITE INVESTIGATION METHODOLOGIES AND PROCEDURES

2.31 Hand Augering

All borings at UXO 7 were completed by hand auger techniques during ‘this field investigation. Hand
augering involves manually turning a 2%-inch stainless steel auger bucket into the ground surface to the
desired sample depth. All hand augered soil borings at UXO 7 were advanced to a maximum depth of
2 feet bgs unless refusal was encountered prior to that depth.b If refusal was encountered at a depth less
thaﬁ 1 foot bgs, the auger was removed and repositioned nearby until a depth greater than 1 foot bgs was
achieved. Upon reaching the desired depth, the soil from the boring was homogenized and a portion was
then placed in a disposable plastic bag. The auger bucket was decontaminated in the field between each -
sample location as outlined in Section 2.9 and in accordance with SOP CT0O0034-04.

2.3.2 XRF Analyses

All soil samples were processed in the field scanned for lead via a portable (XRF) analyzer in accordance
with SOP CT00034-07. Sample processing included homogenizing the soil sample, removing large rocks
or other debris, crushing the sample to uniform size, and drying the sample in a convection oven. Three
separate XRF measurements were made for each soil sample, and the reported concentration is the
average value of those three readings (see Table 2-3). The sample baggie was thoroughly mixed in
between each reading. U.S. EPA Region 9 media cleanup standard (MCS) of 400 milligrams per kilogram
(mg/kg) for lead for residential land use was used as the decision criteria during the XRF screening

process.

If the lead XRF result was less than the MCS of 400 mg/kg, no additional sample was collected in the
vicinity of that sample location. If the average XRF concentration was greater than 400 mg/kg, additional
soil samples were collected around that location until the extent of the contamination could be defined.

The XRF was standardized daily prior to analyzing samples and after every 4 hours of instrument use. An
instrument blank was also anélyzed at the beginning of each day and after every 20 samples to verify that
no contamination existed in the spectrometer or on the probe. After each blank check, a calibration
verification check sample was run to verify the accuracy of the instrument and to assess the stability and
consistency of the analysis. All quality control (QC) documentation for the XRF analyzer is included in
Appendix C of this document. The XRF analyzer malfunctioned late in the afternoon on October 7, 2007
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while scanning sampler X7SS1520002. The machine began making an unusual noise, and
standardization of the analyzer could not be completed. A technician at the rental company was contacted
on October 8, and it was his/her determination that the machine was maifunctioning and would need
repair. A replacement analyzer was shipped over night and received at the site on the morning of
October 9. No additional samples were analyzed with the original XRF unit, and the initial readings for
sample X7S51520002 were discarded and the sample was reanalyzed with the replacement unit.

Sample IDs, XRF data, and associated laboratory concentrations are presented in Table 2-3. All soil
sample logs, QC logs, and chain-of-custody forms are included in Appendix A of this report.

2.3.3 Sample Logging

A soil sample log sheet was maintained for each sample collected during the UXO 7 RFI. The sample log
sheets are included in Appendix A and contain the following information as appropriate:

e Sample location and sample ID
+ Name of person(s) collecting the sample
e Sample depth, date, and time

¢ Brief soil description

24 SAMPLING OPERATIONS

This section discusses the methodology for soil sampling activities performed during the UXO 7 RFI.

Surface soil samples were collected frlom the ground surface to a maximum depth of 2 feet bgs or until
refusal was reached using a hand auger. The approved QAPP Addendum No. 2 (TtNUS, 2007) proposed
that a total of 171 soil samples be collected during this field investigation; however, due to delineation of
sample locations where lead XRF concentrations exceeded 400 mg/kg, 189 samples were actually
collected. Table 2-2 provides rationales for why proposed samples were not collected and why additional
samples were collected. Sample ID X7SB172 was mistakenly not used; therefore, no associated XRF or
I‘abor‘atory data exist for that ID. See Figure 2-1 for a'II, soil sample locations. During sample collection
activities, all soil material was visually inspected in the field for the presence of bullets, lead shot (BBs),
and clay pigeon remnants. The sample material was again visually monitored in the field laboratory while
processing each sample for XRF analysis. Besides a few bullets observed at the top of the Main Target
Area berm, no other bullet fragments or lead shot were observed within UXO 7. In addition to visually
monitoring the soil at each sample location, the FOL visually inspécted the first few inches of soil in
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several other areas between sample locations within UXO 7. This was done by removing the grass and
sifting the soil while looking for possible bullet fragments, lead shot, and clay pigeon remnants. A single

clay pigeon remnant was observed at the former East Trap Range as detailed further in Section 2.4.2.

The four ranges within UXO 7 are discussed below.

241 Old Rifle Range including Former Main Target Area and Associated Firing Berms and
Firing Lanes

The ORR includes the main targets and berm, the hillside behind the main targets, the 100-, 200-, 300-,
400-, and 500-yard firing berms, the dirt mound located between the 300- and 400-yard berms, and the

flat-lying shooting lanes between the firing berms.

Main Target and Barricade

Seven sample locations (X7SB001 through 007) were spatially placed throughout the berm directly in front
of the main targets. This area would have been impacted by bullets falling short of the intended targets.
Although all field XRF lead results for these samples were less than 400 mg/kg, three of the seven sample
locations were selected for fixed-base laboratory analysis for Target Analyte List (TAL) metals based on
the high probability of the area being impacted by lead bullets. Four bullets were found at the very top of
the berm next to the concrete back wall. '

Main Target Hillside Area

Thirteen sample locations (X7SB008 through 020) were positioned on this north-facing hillside based on
field observations of areas within the highest probability of impact. All XRF lead results for these samples
were less than 400 mg/kg. Two samples were selected for fixed-base laboratory analyses (TAL metals)
for confirmation.

Firing Berms

All initial sample locations at each of the five firing berms [100-yard (X7SB021 to 026), 200-yard
(X7SB027 to 031), 300-yard (X7SB032 to 037), 400-yard (X7SB043 to 048), and 500-yard (X7SB049 to
052)] were positioned along the top of each berm because this is the area where the shooting activity
would have most likely taken place. All field XRF lead screening resuits at the 100-, 200-, 300-, and
500-yard firing berms were significantly less than 400 mg/kg; therefore, no samples from any of the firing

berms were selected for fixed-base laboratory analysis.
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At the 400-yard firing berm, six samples were initially collected along the top of the berm. Sample
locations X7SB045 and 046, in the central part of the berm, had average XRF lead concentrations of 562
and 701 mg/kg, respectively. Because locations to the west and east had lead concentrations less than
400 mg/kg, additional locations (X7SB177 to 182) were sampled approximately 10 feet to the north and
south to determine the extent of the contamination. Average XRF lead concentrations for the additional
samples were less than 400 mg/kg. To confirm the extent of lead contamination at the 400-yard firing
berm, 10 of the 12 samples collected were selected for fixed-base laboratory analyses (TAL metals).

Dirt Mound

An oval-shaped dirt mound exists between the 300- and 400-yard firing berms (Figure 2-1). The height of
the mound blocks the shooter's view of the Main Target Area from most locations on the 400- and
500-yard firing berms, confirming that the mound was placed there after the ORR was closed. Field
observations indicate the dirt was placed on a layer of black plastic.

Five sample locations (X7SB038 to 042) were initially placed around and on this dirt mound. The average
XRF lead concentration for sample X7SS0390002 was 382 mg/kg. Although this concentration was less
than the MCS of 400 mg/kg, two additional samples (X7SS1830002 and X7SS1840002) were collected on
either side of this location to ensure that additional lead contamination did not exist. The average XRF
lead concentrations for the two additional samples were less than 30 mg/kg. Three of the seven samples
collected were sent for fixed-base laboratory analysis.

Areas Between Firing Berms

To ensure that all areas associated with the shooting lanes at UXO 7 were investigated.during this field
event, additional sampies (X7SB053 to 062) were located within the flat-lying areas between the firing
berms as shown on Figure 2-1. Sample X7SS0550002, located halfway between the 400- and 500-yard
firing berm, was the only sample from this group with an average XRF lead concentration greater than
400 mg/kg at 741 mg/kg. A duplicate sample was collected at this location, and the average XRF lead
concentration for the duplicate was 1,014 mg/kg. Sample locations X7SB173 to 176 were then collected
around location X7SBO055 to delineate lead contaminatioh. The XRF lead concentfation at location
X78B174 was 442 mg/kg; therefore, two additional sample locations (X7SB189 and 190) were collected
just to the northéast and southeast of location X7SB174. These samples had XRF lead concentrations of
166 and 335 mg/kg, respectively. To ensure that the area had been sufficiently delineated, samples from
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locations X7SB055, 173, 174, 175, and 189 were sent to the fixed-base laboratory for TAL metals

analyses.

2.4.2 Former East Trap Range

Thirty-six sample locations (X7SB063 to 094 and X7SB185 to 188) were spatially placed in the area of the
former East Trap Range. In the QAPP Addendum No. 2 (TtNUS, 2007), the former East Trap Range was
presented as being located in the central portion of SWMU 7 on both sides of the gravel road bisecting the
SWMU. Prior to sampling the former East Trap Range, the Navy presented TtNUS with a 1952 aerial
photograph of SWMU 7 showing the actual location of the former East Trap Range east of the bisecting
gravel road. Therefore, the sampling plan was shifted to the east to cover this area. While walking
through the grass in this area during sampling activities, a depression was observed that contained broken
_concrete and rebar. This was presumed to be the location of a small concrete building that was used as
the launching area for the clay pigeons, with the shooters standing just south of the building and firing to
the north. The location of the concrete and rebar is marked by sample location X7SB067. A nickel-sized
piece of a clay pigeon was observed in surface soil at location X7SBO075, further indicating that sampling
was being conducted in the correct area. Each sample within the former East Trap Range was scanned
with the XRF, and the maximum lead concentration was 51 mg/kg.

Five sample locations within the former East Trap Range were selected for fixed-base laboratory analyses
including TAL metals and PAHs. These sample locations were selected from areas that were thought to
have the most fall-out from hit clay pigeons.

243 Former West Tr_ag Range

Forty-seven sample locations (X7SB095 to 141) were placed in the area of the former West Trap Range.
The trap range faces a line of trees, and the majority of samples were collected in the area leading up to
this tree line. Ten samples were collected up to 100 feet inside the tree line with the assumption that most
shot would have fallen to the ground within this distance after coming into contact with the trees.

As with the East Trap Range, samples from all locations were scanned with the XRF, and the maximum

lead concentration was 60 mg/kg. Six samples were selectéd for fixed-base laboratory PAH analyses,

and one sample was selected for fixed-base laboratory TAL metals analyses.
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24.4 ' Former South Pistol Rang' e

Thirty sample locations (X7SB142 to 171) were placed in the area of the former South Pistol Range. The
1952 aerial photograph mentioned in Section 2.4.2 shows a backstop .(earthen berm) along the northern
edge of the gravel road that enters UXO 7 from the east as depicted on Figure 2-1. This berm no longer
exists, and a retention pond has been dug just northeast of the range. The southwestern corner of the
retention pond actually encompasses part of the former Pistol Range. Samples were not collected in this '
area since excavation and fill associated with the retention pond had occurred ih this area.

Seventeen samples were collected in the area of the presumed firing lanes and the former earthen berm
at the former Pistol Range. South of the gravel road, seven samples were located just north of the tree

line, and six samples were collected approximately 15 feet inside this tree line.

All average XRF lead concentrations were less than 400 mg/kg. Three samples within the former South
Pistol Range were selected for fixed-base laboratory analyses (TAL metals).

2.5 FIELD SAMPLE DOCUMENTATION

Sample documentation consisted of the completion of sample log sheets, chain-of-custody records, field
logbooks, and health and safety documentation. Field documentation was completed as per SOP.
CTO0034-03. The sample Iog sheets contain information such as sample location and sample
identification number, container requirements and analyses to be performed, and sample type, time, and
date. Any unusual circumstances encountered during sample collection were noted on the form. Sample
log sheets can be found in Appendix A of this document. Chain-of-custody forms (see Appendix A) were
used to track each sample from collection to receipt and analysis at the fixed-base laboratory.

26 SAMPLE HANDLING, PACKAGING, AND SHIPPING

Sample handling activities included field-related considerations concerning the selection of sample
containers, allowable holding times, sample custody, and maintaining samples at the appropriate storage
temperature. All sample containers shipped to the fixed-base laboratory were sealed in plastic bags to
minimize the possibility of breakage during transport. The sample containers were then placed in a cooler
lined with a large plastic garbage bag and covered with ice. A temperature blank was placed in each
cooler prior to shipment. The plastic garbage bag was sealed with a knot, and the chain-of-custody form
was sealed in a Ziploc® bag and taped to the inside of the cooler lid. A signed and dated custody seal was
applied to each end of the cooler and then covered with strapping tape to provide a tamper-evident seal.

A Federal Express® airbill was applied to the shipping cooler. TtNUS maintained custody of the samples
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. until they wére relinquished to Federal Express®. The Federal Express® tracking number (airbiil number)
‘was recorded on the chain-of-custody form, and the sender's copy of the airbill was maintained for
shipment tracking, if needed. All samples were shipped to the laboratory for overnight delivery and were
received within sample holding times.

2.7 QUALITY CONTROL SAMPLES

Quality assurance (QA)/QC samples were generated and collected during sampling activities to monitor
both field and laboratory procedures, in accordance with the approved QAPP (TtNUS, 2007). QC for the
XRF analyzer is detailed in Section 2.3.2 of this document. QA/QC samples included field duplicates,
equipment rinsate blanks, and temperature blanks. Field duplicate results are tabulated in Appendix C of
this document. Types of QA/QC samples are briefly described as follows:

e Field Duplicates - consisted of a single sample split into two portions. Field duplicates were collected
at the rate of 1 in 20 during this field investigation to assess the overall precision of the sampling and
analysis program. XRF duplicate samples are shown in Table 2-3 and are denoted with a —D after the
sample ID.

¢ Equipment Rinsate Blanks - obtained under representative field conditions by collecting the rinse
water generated by running analyte-free water through or over sample collection equipment after
decontamination and before use. When pre-cleaned, dedicated, or disposable sampling equipment -
was used (no decontamination was required), one equipment rinsate vblank was collected as a batch
blank. Equipment rinsate blanks were analyzed for the same chemical constituents as the associated

environmental samples.

e Temperature blanks - used to determine if samples were adequately cooled during shipment.
Temperature blanks consisted of analyte-free water poured into a clean sample container at the site
or supplied by the fixed-based laboratory. One temperature blank was submitted to the laboratory in

each cooler, and the temperature was checked upon receipt at the laboratory.

2.8 GPS

Each sample location at UXO 7 was marked with a brightly covered pin flag pushed into the ground next
to the boring. Northing and easting coordinates for each sample location were then logged by TtNUS
personnel utilizing a Trimble XT.Global Positioning System (GPS) unit. This information is retained in the
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TtNUS main database and can be used és a reference if repeat sampling is required at any of thé sample
locations.

29 DECONTAMINATION

The non-dedicated, non-disposable equipment (i.e., hand auger) involved in field sampling activities was
decontaminated before beginning work, between sample locations, and at the completion of field activities
in accordance with SOP CT0034-04."

The following decontamination steps were taken:

e Potable Water and phosphate-free detergent wash (scrub if necessary)
e Potable water rinse '

- o Deionized (DI) water rinse

e Air dry (if possible)

¢  Wrap in aluminum foil (if not used immediately)

210 INVESTIGATION-DERIVED WASTE HANDLING

The field investigation generated potentially contaminated wastes including personal protective equipment
(PPE) and decontamination fluids. Management of each residue was performed as follows: '

PE — All PPE were double bagged and placed in NSWC Crane trash receptacles (i.e., dumpsters).

Sampling Equipment Decontamination Fluids — All equipment decontamination fluids were collected and
discharged to the NSWC Crane permitted waste treatment plant. '

All soil removed from a sample location that was not used as part of that sample was returned to its

original boring.

211 SITE MANAGEMENT AND FACILITY SUPPORT

The FOL was designated as the lead in coordinating all day-to-day activities during the investigation. The
FOL was responsible for ensuring that all field team members (including subcontractors) were familiar
with the approved QAPP and the HASP in effect during this field investigation. Additionally, the FOL was
responsible for all sampling operations, QA/QC, field documentation requirements, and field change
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orders. The FOL reported to the Task Order Manager (TOM) on a daily basis regarding the status of
fieldwork.

All site preparation, mobilization/demobilization, and sampling activities were coordinated through NSWC

Crane personnel through pre-visit communication and meetings during the field work.

2.12 RECORDKEEPING

Electronic records were maintained for the daily activities that took place during this field investigation.
Other records including sample log sheets and chain-of-custody forms were completed in accordance with
SOP CTO034-03. Information recorded daily included field activities, weather conditions, identity and
arrival and departure times of personnel, management issues, etc. Copies of daily activity records are

included in Appendix A.
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BORING DATES, DEPTHS, METHOD, AND INTERVALS
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PAGE 1 OF 5
. Total Depth Drilling . Depth Interval of Soil
Boring No. (feet bgs) Method® Date Drilled Sample
(feet bgs)
X7SS001 2.0 HA 2-Oct-07 0-2
X75S002 2.0 HA 2-Oct-07 0-2
X7SS003 2.0 HA 2-Oct-07 0-2
X75S004 2.0 HA 2-Oct-07 0-2
X7SS005 2.0 HA 2-Oct-07 0-2
X75S006 2.0 HA 2-Oct-07 0-2
X7SS007 2.0 HA 2-Oct-07 0-2
X75S008 2.0 HA 2-0ct-07 0-2
X7SS009 2.0 HA 2-Oct-07 0-2
X75S010 2.0 HA 2-Oct-07 0-2
X7SS011 2.0 HA 2-Oct-07 0-2
X75S012 2.0 HA 2-Oct-07 0-2
X75S013 2.0 HA 2-Oct-07 0-2
X75S014 2.0 HA 2-Oct-07 0-2
X7S5S015 2.0 HA 2-Oct-07 0-2
X75S016 2.0 HA 2-0ct-07 0-2
X7SS017 2.0 HA 2-Oct-07 0-2
X755018 2.0 HA 2-0ct-07 0-2
X75S019 2.0 HA 2-Oct-07 0-2
X75S020 2.0 HA 2-Oct-07 0-2
X75S021 2.0 HA 3-Oct-07 0-2
X755022 2.0 HA 3-Oct-07 0-2
X75S023 2.0 HA 3-Oct-07 0-2
X755024 2.0 HA 3-Oct-07 0-2
X75S025 2.0 HA 3-Oct-07 0-2
X755026 2.0 HA 3-Oct-07 0-2
X7S5S027 2.0 HA 3-Oct-07 0-2
X755028 2.0 HA 3-Oct-07 0-2
X75S029 2.0 HA 3-Oct-07 0-2
X75S030 2.0 HA 3-Oct-07 0-2
X7SS031 2.0 HA 3-Oct-07 0-2
X75S032 2.0 HA 3-Oct-07 0-2
X7SS033 2.0 HA 3-Oct-07 0-2
X75S034 2.0 HA 3-Oct-07 0-2
X7SS035 2.0 HA 3-Oct-07 0-2
X7SS036 2.0 HA 3-Oct-07 0-2
X7SS037 2.0 HA 3-Oct-07 0-2
X7SS038 2.0 HA 3-Oct-07 0-2
X7SS039 2.0 HA 3-Oct-07 0-2
X7SS040 2.0 HA 3-Oct-07 0-2
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X7SS041 2.0 HA 3-Oct-07 0-2
X7SS042 2.0 HA 3-Oct-07 0-2
X7SS043 2.0 HA 3-Oct-07 0-2
X7SS044 2.0 HA 3-Oct-07 0-2
X7SS045 2.0 HA 3-Oct-07 0-2
X7SS046 2.0 HA 3-Oct-07 0-2
X7SS047 2.0 HA 3-Oct-07 0-2
X7SS048 2.0 HA 3-Oct-07 0-2
X7SS049 2.0 HA 3-Oct-07 0-2
X7SS050 2.0 HA 3-Oct-07 0-2
X7SS051 2.0 HA 3-Oct-07 0-2
X7SS052 2.0 HA 3-Oct-07 0-2
X7SS053 2.0 HA 4-Oct-07 0-2
X7SS054 2.0 HA 4-Oct-07 0-2
X7SS055A? 1.0 HA 6-Oct-07 0-1
X7SS055B? 2.0 HA 4-Oct-07 0-2
X7SS056 2.0 HA 4-Oct-07 0-2
X7SS057 2.0 HA 4-Oct-07 0-2
X7SS058A% 2.0 HA 6-Oct-07 0-2
X7SS058B? 2.0 HA 4-Oct-07 0-2
X7SS059 2.0 HA 4-Oct-07 0-2
X7SS060 2.0 HA 4-Oct-07 0-2
X7SS061 2.0 HA 4-Oct-07 0-2
X7SS062 2.0 HA 4-Oct-07 0-2
X7SS063 2.0 HA 4-Oct-07 0-2
X7SS064 2.0 HA 4-Oct-07 0-2
X7SS065 2.0 HA 4-Oct-07 0-2
X7SS066 2.0 HA 4-Oct-07 0-2
X7SS067 2.0 HA 4-Oct-07 0-2
X7SS068 2.0 HA 4-Oct-07 0-2
X7SS069 2.0 HA 5-Oct-07 0-2
X7SS070 2.0 HA 9-Oct-07 0-2
X7SS071 2.0 HA 5-Oct-07 0-2
X7SS072 2.0 HA 4-Oct-07 0-2
X7SS073 2.0 HA 5-Oct-07 0-2
X7SS074 2.0 HA 5-Oct-07 0-2
X7SS075 2.0 HA 5-Oct-07 0-2
X7SS076 2.0 HA 5-Oct-07 0-2
X7SS077 2.0 HA 5-Oct-07 0-2
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X7SS078 2.0 HA 5-Oct-07 0-2
X75S079 2.0 HA 5-Oct-07 0-2
X7SS080 2.0 HA 5-Oct-07 0-2
X75S081 2.0 HA 5-Oct-07 0-2
X75S082 2.0 HA 5-Oct-07 0-2
X75S083 2.0 HA 5-Oct-07 0-2
X75S084 2.0 HA 5-Oct-07 0-2
X75S085 2.0 HA 5-Oct-07 0-2
X75S086 2.0 HA 5-Oct-07 0-2
X75S087 2.0 HA 5-Oct-07 0-2
X75S088 2.0 HA 5-Oct-07 0-2
X75S089 2.0 HA 5-Oct-07 0-2
X7SS090 2.0 HA 5-Oct-07 0-2
X75S091 2.0 HA 5-Oct-07 0-2
X7S5S092 2.0 HA 5-Oct-07 0-2
X75S093 2.0 HA 5-Oct-07 0-2
X75S094 2.0 HA 5-Oct-07 0-2
X75S095 2.0 HA 6-Oct-07 0-2
X75S096 2.0 HA 6-Oct-07 0-2
X75S097 2.0 HA 7-Oct-07 0-2
X7S5S098 2.0 HA 7-Oct-07 0-2
X75S099 2.0 HA 6-Oct-07 0-2
X7SS100 2.0 HA 6-Oct-07 0-2
X75S101 2.0 HA 6-Oct-07 0-2
X7S5S102 2.0 HA 6-Oct-07 0-2
X75S103 2.0 HA 6-Oct-07 0-2
X7SS104 2.0 HA 6-Oct-07 0-2
X75S105 2.0 HA 6-Oct-07 0-2
X7SS106 2.0 HA 6-Oct-07 0-2
X7S5S107 2.0 HA 9-Oct-07 0-2
X7S5S108 2.0 HA 9-Oct-07 0-2
X75S109 2.0 HA 9-Oct-07 0-2
X7SS110 2.0 HA 6-Oct-07 0-2
X7SS111 2.0 HA 6-Oct-07 0-2
X7SS112 2.0 HA 6-Oct-07 0-2
X75S113 2.0 HA 6-Oct-07 0-2
X7SS114 2.0 HA 6-Oct-07 0-2
X7S5S115 2.0 HA 6-Oct-07 0-2
X7SS116 2.0 HA 6-Oct-07 0-2
X7SS117 2.0 HA 6-Oct-07 0-2




TABLE 2-1

BORING DATES, DEPTHS, METHOD, AND INTERVALS

UXO 7 - RFI REPORT

NSWC CRANE
CRANE, INDIANA
PAGE 4 OF 5
. Total Depth Drilling . Depth Interval of Soil
Boring No. (feet bgs) Method® Date Drilled Sample
(feet bgs)
X75S118 2.0 HA 6-Oct-07 0-2
X75S119 2.0 HA 7-Oct-07 0-2
X7S5S120 2.0 HA 6-Oct-07 0-2
X75S121 2.0 HA 6-Oct-07 0-2
X7S5S122 2.0 HA 6-Oct-07 0-2
X75S5123 2.0 HA 6-Oct-07 0-2
X7S5S124 2.0 HA 6-Oct-07 0-2
X75S5125 2.0 HA 6-Oct-07 0-2
X7S5S126 2.0 HA 7-Oct-07 0-2
X75S127 2.0 HA 7-Oct-07 0-2
X75S5128 2.0 HA 6-Oct-07 0-2
X75S5129 2.0 HA 6-Oct-07 0-2
X7SS130 2.0 HA 6-Oct-07 0-2
X75S131 2.0 HA 6-Oct-07 0-2
X7SS132 2.0 HA 6-Oct-07 0-2
X75S133 2.0 HA 6-0ct-07 0-2
X7SS134 2.0 HA 6-Oct-07 0-2
X75S5135 2.0 HA 6-Oct-07 0-2
X75S136 2.0 HA 6-Oct-07 0-2
X75S137 2.0 HA 6-Oct-07 0-2
X75S138 2.0 HA 6-Oct-07 0-2
X75S5139 2.0 HA 6-Oct-07 0-2
X75S140 2.0 HA 6-Oct-07 0-2
X75S5141 2.0 HA 6-Oct-07 0-2
X75S5142 2.0 HA 7-Oct-07 0-2
X755143 2.0 HA 7-Oct-07 0-2
X7SS144 2.0 HA 7-Oct-07 0-2
X755145 2.0 HA 7-Oct-07 0-2
X75S5146 2.0 HA 7-Oct-07 0-2
X75S147 2.0 HA 7-Oct-07 0-2
X75S5148 2.0 HA 7-Oct-07 0-2
X75S149 2.0 HA 7-Oct-07 0-2
X7SS150 2.0 HA 7-Oct-07 0-2
X7S5S151 2.0 HA 7-Oct-07 0-2
X7S5S152 2.0 HA 7-Oct-07 0-2
X7SS153 2.0 HA 7-Oct-07 0-2
X7SS154 2.0 HA 7-Oct-07 0-2
X7SS155 2.0 HA 7-Oct-07 0-2
X7S5S156 2.0 HA 7-Oct-07 0-2
X7SS157 2.0 HA 7-Oct-07 0-2
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X7SS158 2.0 HA 7-Oct-07 0-2
X75S159 2.0 HA 7-Oct-07 0-2
X7SS160 2.0 HA 7-Oct-07 0-2
X75S161 2.0 HA 7-Oct-07 0-2
X7SS162 2.0 HA 7-Oct-07 0-2
X75S163 2.0 HA 7-Oct-07 0-2
X7SS164 2.0 HA 7-Oct-07 0-2
X75S165 2.0 HA 7-Oct-07 0-2
X7SS166 2.0 HA 7-Oct-07 0-2
X7SS167 1.0 HA 7-Oct-07 0-1
X7SS168 1.0 HA 7-Oct-07 0-1
X75S169 1.0 HA 7-Oct-07 0-1
X7SS170 1.0 HA 7-Oct-07 0-1
X75S171 2.0 HA 7-Oct-07 0-2
X7SS172 No Sample Collected

X7SS173 2.0 HA 7-Oct-07 0-2
X7SS174 1.0 HA 7-Oct-07 0-1
X7SS175 1.0 HA 7-Oct-07 0-1
X7SS176 1.0 HA 7-Oct-07 0-1
X7SS177 2.0 HA 7-Oct-07 0-2
X7SS178 2.0 HA 7-Oct-07 0-2
X7SS179 2.0 HA 7-Oct-07 0-2
X75S5180 2.0 HA 7-Oct-07 0-2
X755181 2.0 HA 7-Oct-07 0-2
X75S5182 2.0 HA 7-Oct-07 0-2
X755183 2.0 HA 7-Oct-07 0-2
X75S5184 2.0 HA 7-Oct-07 0-2
X755185 2.0 HA 9-Oct-07 0-2
X755186 2.0 HA 9-Oct-07 0-2
X755187 2.0 HA 9-Oct-07 0-2
X755188 2.0 HA 9-Oct-07 0-2
X75S189 2.0 HA 9-Oct-07 0-2
X7S5S190 2.0 HA 9-Oct-07 0-2

1 HA - hand auger.

2 It was suspected that the initial samples collected at locations X7SB55 and X7SB58 (X7SS55B
and X7SS58B) were mislabeled; therefore, additional samples (X7SS55A and X7SS58A) were
subsequently collected at those locations.

bgs - Below ground surface.
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X7SS001

X7SS002

X7SS003

X7SS004

X7SS005

X7SS006

X7SS007

X7SS008

X7SS009

X7SS010

X7SS011
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X7SS013

X7SS014

X7SS015
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X7SS017
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Sample Number

Metals

PAHs

SW-846 3050B/6020
(TAL Metals)

Field XRF
(Lead Only)

SW-846
8270C

Comment

X75S052

X7SS053

X75S054

X7SS055

X7SS056

X7SS057

X7SS058

X7SS059

X7SS060

X7SS061

X7S5S062

X7SS063

X7SS064

X7SS065

X7SS066

X7SS067

X7SS068

X7SS069

X7SS070

X7SS071

X7SS072

X7SS073

X7SS074

X7SS075

X7SS076

X7SS077

X7SS078

X7SS079

X7SS080

X7SS081

X7SS082

X7SS083

X7SS084

X7SS085

X7SS086

X7SS087

X7SS088

X7SS089

X7SS090

X7SS091

X7SS092

X7SS093

X7SS094

X7SS095

X7SS096

X7SS097

X7SS098

X7SS099

X7SS100

X7SS101

X7S5S102
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Sample Number

Metals

PAHs

SW-846 3050B/6020
(TAL Metals)

Field XRF
(Lead Only)

SW-846
8270C

Comment

X7SS103

X7SS104

X7SS105

X7SS106

X7SS107

X7SS108

X7SS109

X7SS110

X7SS111

X7SS112

X7SS113

X7SS114

X7SS115

X7SS116

X7SS117

X7SS118

X7SS119

X7SS120

X7S8S121

X7SS122

X7SS123

X7SS124

X7SS125

X7SS126

X7SS127

X7SS128

X7SS129

X7SS130

X7SS131

X7SS132

X7SS133

X7SS134

X7SS135

X7SS136

X7SS137

X7SS138

X7SS139

X7SS140

X7S8S141

X7S5S142

X7SS143

X7SS144

X7S5S145

X7SS146

X7SS147

X75S5148

X7S5S149

X7SS150

X7SS151

X7SS152

X7SS153
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SAMPLE SUMMARY TABLE
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Metals

PAHs

Sample Number

SW-846 3050B/6020
(TAL Metals)

Field XRF
(Lead Only)

SW-846
8270C

Comment

X75S5154

X75S155

X75S5156

X7S8S157

X75S5158

X75S159

X75S160

X75S161

X75S5162

X75S5163

X75S164

X75S165

X75S5166

X75S167

X755168

X75S169

X7SS170

X7S8S171

X7SS172

Sample number overlooked in the field and therefore not used

X7SS173

X7SS174

X7SS175

X7SS176

Sample location added to delineate location X7SB55

X7SS177

X7SS178

X7SS179

X7SS180

X7SS181

X7SS182

Sample location added to delineate location X7SB46

X7SS183

X75S184

Sample location added to delineate location X7SB39

X7SS185

X7SS186

X7SS187

X75S188

Sample outer limits of East Trap Range

X7S5S189

X7SS190

><><><><><><><><><><><><><><><><><><)Z>><><><><><><><><><><><><><><><><><><

Sample location added to delineate location X7SB174

SURFACE SOIL TOTAL

189

X = Sample was collected and analyzed as proposed.

NA = Not applicable.
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LEAD RESULTS (ppm) L ABORATORY
XRE ANALYSES
Lg@'\ﬁ'l‘oEN SAMPLE ID S/SXTF?EE AVE(;:AGE (LEAD) SAMPLE AREA
! 2 3 POSITIVE (ppm)
HITS

X7SB001 |X7SS0010002 10/2/2007 49 50 <28 50 NA
X7SB002 |X7S5S0020002 10/2/2007 70 49 64 61 22.8
X7SB003 |X7SS0030002 10/2/2007 68 114 123 102 140
X7SB004 |X7SS0040002 10/2/2007 431 166 165 254 125 Main Target Area: Berm in front of main targets
X7SB005 |X7SS0050002 10/2/2007 59 133 31 74 NA
X7SB006 |X7SS0060002 10/2/2007 <27 <23 <23 NA NA
X7SB006 |X7SS0060002D 10/2/2007 38 <26 <27 38 NA
X7SB007 |X7SS0070002 10/2/2007 <27 <25 <26 NA NA
X7SB008 |X7SS0080002 10/2/2007 37 35 55 42 NA
X7SB009 |X7SS0090002 10/2/2007 55 51 35 a7 NA
X7SB009 |X7SS0090002D 10/2/2007 70 98 82 83 NA
X7SB010 |X7SS0100002 10/2/2007 76 96 94 89 NA
X7SB011 X7S5S0110002 10/2/2007 <27 <26 <27 NA NA
X7SB012 |X7SS0120002 10/2/2007 48 39 50 46 43.9
X7SB013 _|X7550130002 10/2/2007 >4 50 45 50 NA Main Target Area: Hillside behind main targets
X7SB014 |X7S5S0140002 10/2/2007 66 47 70 61 NA
X7SB015 |X7SS0150002 10/2/2007 36 37 41 38 NA
X7SB016 |X7SS0160002 10/2/2007 33 38 46 39 NA
X7SB017 |X7SS0170002 10/2/2007 43 48 57 49 NA
X7SB018 |X7SS0180002 10/2/2007 134 114 93 114 NA
X7SB019 |X7SS0190002 10/2/2007 280 203 283 255 537
X7SB020 |X7SS0200002 10/2/2007 29 42 30 34 NA
X7SB021 |X7SS0210002 10/3/2007 37 <29 35 36 NA
X7SB022 |X75S0220002 10/3/2007 <27 <27 <29 NA NA
X7SB023 |X7SS0230002 10/3/2007 30 <25 <27 30 NA

100-Yard Berm
X7SB024 |X75S0240002 10/3/2007 <28 <28 30 30 NA
X7SB025 |X7SS0250002 10/3/2007 39 <26 29 34 NA
X7SB026 |X75S0260002 10/3/2007 27 <24 31 29 NA
X7SB027 |X7SS0270002 10/3/2007 <28 <26 <26 NA NA
X7SB028 |X75S0280002 10/3/2007 31 30 <27 31 NA
X7SB029 |X7SS0290002 10/3/2007 <25 <25 <25 NA NA

200-Yard Berm
X7SB030 |X7SS0300002 10/3/2007 42 55 49 49 NA
X7SB030 |X7SS0300002D 10/3/2007 29 <25 <25 29 NA
X7SB031 |X7SS0310002 10/3/2007 42 39 30 37 NA
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X7SB032 [X75S0320002 10/3/2007 37 30 34 34 NA
X7SB033 [X7SS0330002 10/3/2007 <26 32 <27 32 NA
X7SB034 X7S550340002 10/3/2007 <27 <27 <26 NA NA 300-Yard Berm
X7SB035 [X7SS0350002 10/3/2007 <26 <26 <28 NA NA
X7SB036 [X7SS0360002 10/3/2007 <25 <31 <28 NA NA
X7SB037 |[X7SS0370002 10/3/2007 37 46 47 43 NA
X7SB038 [X7SS0380002 10/3/2007 227 203 210 213 NA
X7SB039 [X7SS0390002 10/3/2007 381 403 362 382 495
X7SB040 |[X75S0400002 10/3/2007 95 134 143 124 NA Dirt Mound
X7SB041 |X7SS0410002 10/3/2007 28 30 34 31 NA
X7SB042 X7550420002 10/3/2007 <26 <25 <24 NA NA
X7SB043 |[X7SS0430002 10/3/2007 42 72 72 62 NA
X7SB044 |X75S0440002 10/3/2007 212 162 238 204 199
X7SB045 [X7SS0450002 10/3/2007 549 553 584 562 286
X7SB046 |X75S0460002 10/3/2007 718 714 671 701 1100
X7SB047 |X7SS0470002 10/3/2007 66 79 63 69 NA
X7SB048 |X75S0480002 10/3/2007 166 150 123 146 190 400-Yard Berm
X7SB049 |X7SS0490002 10/3/2007 <27 28 <25 28 NA
X7SB050 [X7SS0500002 10/3/2007 75 54 59 63 NA 500-Yard Berm
X7SB051 [X7SS0510002 10/3/2007 35 <25 <26 35 NA
X7SB052 |X75S0520002 10/3/2007 37 40 40 39 NA
X7SB053 [X7SS0530002 10/4/2007 30 42 39 37 NA
X7SB054 X7S550540002 10/4/2007 31 <23 <25 31 NA Between 400- and 500-Yard Berms: Shooting lane
X7SB055B [X7SS0550002 10/6/2007 719 798 706 741 NA
X7SBO55A |X7550550002D" 10/4/2007 1063 1043 938 1015 1160
X7SB056 [X7SS0560002 10/4/2007 <24 <25 <25 NA NA . ) .
X7SB057 _ IX7SS0570002 10/2/2007 <2 <4 <7 NA NA Between Dirt Mound and 400-Yard Berm: Shooting lane
X7SB058B [X7SS0580002 10/6/2007 95 123 97 105 NA . ) .
X7SB058A |X755058000207 10/4/2007 100 = =8 85 NA Between 300-Yard Berm and Dirt Mound: Shooting lane
X7SB059 [X7SS0590002 10/4/2007 <22 29 <23 29 NA
X7SB060 [X7SS0600002 10/4/2007 <23 <24 <25 NA NA Between 100- and 200-Yard Berms: Shooting lane
X7SB061 [X7SS0610002 10/4/2007 <25 <24 <25 NA NA
X7SB062 |X75S0620002 10/4/2007 27 <24 <21 27 NA
X7SB063 [X7SS0630002 10/4/2007 <23 <24 <24 NA NA
X7SB064 |X7SS0640002 10/4/2007 <26 <21 <23 NA NA East Trap Range: Presumed shooters location
X7SB065 [X7SS0650002 10/4/2007 <25 33 <26 33 NA
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X7SB066 |X7SS0660002 10/4/2007 29 <25 28 29 10.3 East Trap Range: In line with launch area
X7SB067 |X7SS0670002 10/4/2007 <26 <22 <24 NA NA East Trap Range: Clay pigeon launching
X7SB068 |X7SS0680002 10/4/2007 <20 <24 <22 NA NA East Trap Range: In line with launch area
X7SB069 |X7SS0690002 10/5/2007 <25 <26 <25 NA NA
X7SB070 |X7SS0700002 10/9/2007 28 17 21 22 NA
X7SB071  |X7SS0710002 10/5/2007 <27 <26 <27 NA NA East Trap Range: ~150 feet north of shooter
X7SB071 |X7SS0710002D 10/5/2007 <28 <23 <25 NA NA
X7SB072  |X7SS0720002 10/4/2007 <25 <24 29 29 NA
X7SB073 |X7SS0730002 10/5/2007 41 <30 <27 41 NA
X7SB074  |X7SS0740002 10/5/2007 51 29 34 38 NA
X7SB075__|X75S0750002 10/5/2007 | 28 30 31 30 33.1 East Trap Range: ~200 feet north of shooter
X7SB076 |X7SS0760002 10/5/2007 <26 <24 <21 NA NA
X7SB077 X75S0770002 10/5/2007 <22 <24 <24 NA NA
X7SB078 |X7SS0780002 10/5/2007 <26 28 <26 28 NA
X7SB079 |X7SS0790002 10/5/2007 <26 <22 <24 NA NA East Trap Range: ~290 feet north of shooter
X7SB080  |X7SS0800002 10/5/2007 <25 41 <27 41 NA
X7SB081 |X7SS0810002 10/5/2007 <26 34 <27 34 NA
X7SB082  |X75S0820002 10/5/2007 <25 32 <29 32 NA East Trap Range: ~300 feet north of shooter
X7SB082 |X7S550820002D 10/5/2007 <25 <26 31 31 NA
X7SB083  |X7SS0830002 10/5/2007 <27 <29 <25 NA NA
X75SB084 |X7SS0840002 10/5/2007 <27 <29 <28 NA NA East Trap Range: ~350 feet north of shooter
X7SB085 |X7SS0850002 10/5/2007 <29 41 <29 41 NA
X7SB086 |X7SS0860002 10/5/2007 <22 <26 <25 NA NA
X7SB087  |X7SS0870002 10/5/2007 <23 <22 <22 NA NA
X7SB088 |X7S5S0880002 10/5/2007 <24 <22 29 29 NA
X7SB089 |X7SS0890002 10/5/2007 <24 29 <23 29 NA
X7SB090 |X7SS0900002 10/5/2007 45 <25 35 40 NA
X7SB091 |X7SS0910002 10/5/2007 <24 <24 <25 NA NA East Trap Range: ~450 feet north or shooter
X7SB092 |X75S0920002 10/5/2007 <23 <23 26 26 NA
X7SB093  |X7SS0930002 10/5/2007 <23 <22 <23 NA NA
X75SB094  |X7SS0940002 10/5/2007 <24 <26 <22 NA NA
X7SB095 |X7SS0950002 10/6/2007 <29 52 48 50 NA
X7SB096 |X7SS0960002 10/6/2007 <25 <23 <25 NA NA , .
West Trap Range: Presumed shooters location
X7SB097  |X7SS0970002 10/7/2007 <27 <26 <26 NA NA
X7SB098 |X7SS0980002 10/7/2007 <24 <25 <25 NA NA
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X7SB099 |X7SS0990002 10/6/2007 34 35 43 37 NA
X7SB100 |X7SS1000002 10/6/2007 <23 <26 <27 NA NA West Trap Range: ~50 feet west of shooter
X7SB101 |X7SS1010002 10/6/2007 37 <24 <25 37 NA
X7SB102  |X7S5S1020002 10/6/2007 40 <25 51 46 NA
X7SB103 |X7S5S1030002 10/6/2007 27 <25 <25 27 NA
X7SB104  |X75S51040002 10/6/2007 <26 29 <24 29 NA
X7SB105__|X7551050002 10/6/2007 | 31 <26 | <24 31 NA West Trap Range: ~90 feet west of shooter
X7SB106 |X7SS1060002 10/6/2007 <25 <24 <26 NA NA
X7SB107 |X7S5S1070002 10/9/2007 28 29 27 28 NA
X7SB108 |X7S5S1080002 10/9/2007 23 22 32 26 NA
X7SB109 |X7SS1090002 10/9/2007 27 24 26 26 NA West Trap Range: ~125 feet west of shooter
X7SB110 |X7SS1100002 10/6/2007 41 <24 <23 41 NA
X7SB111 |X7SS1110002 10/6/2007 <24 36 <23 36 NA
X7SB112  |X7S5S1120002 10/6/2007 35 <25 <27 35 NA
X7SB112 |X7SS1120002D 10/6/2007 <26 <27 29 29 NA
X7SB113  |X7SS1130002 10/6/2007 31 <26 <25 31 NA
X7SB114 |X7S5S1140002 10/6/2007 <27 <27 <25 NA NA West Trap Range: ~150 feet west of shooter
X7SB115 |X7SS1150002 10/6/2007 31 <28 <27 31 NA
X7SB116 |X7SS1160002 10/6/2007 <25 <22 <23 NA NA
X7SB117 |X7SS1170002 10/6/2007 34 26 32 31 NA
X7SB118 |X75S1180002 10/6/2007 28 37 29 31 NA
X7SB119 |X7S5S1190002 10/7/2007 <26 <25 37 37 NA
X7SB120 |X7S5S1200002 10/6/2007 <24 <27 27 27 NA
X7SB121 |X7S5S1210002 10/6/2007 27 30 35 31 NA
X7SB122 |X7SS1220002 10/6/2007 35 41 <27 38 NA West Trap Range: ~175 feet west of shooter
X7SB123  |X7S5S1230002 10/6/2007 42 33 <23 38 NA
X7SB124  |X75S1240002 10/6/2007 46 33 45 41 NA
X7SB125 |X7S5S1250002 10/6/2007 <23 <25 32 32 NA
X7SB126 |X7S5S1260002 10/7/2007 33 43 57 44 NA
X7SB127 |X7SS1270002 10/7/2007 42 31 32 35 25.3
X7SB127 X7SS1270002D 10/7/2007 30 38 28 32 NA West Trap Range: ~200 feet west of shooter along tree line
X7SB128  |X75S1280002 10/6/2007 32 35 <30 34 NA
X7SB129 |X75S1290002 10/6/2007 40 60 38 46 NA
X7SB130 |X7SS1300002 10/6/2007 42 36 33 37 NA
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X7SB131 |X7SS1310002 10/6/2007 37 38 55 43 NA
X7SB132 [X7S5S1320002 10/6/2007 38 36 38 37 NA
X7SB133 |X7SS1330002 10/6/2007 <26 <25 31 31 NA West Trap Range: ~250 feet west of shooter inside tree line
X7SB134 |X7S5S1340002 10/6/2007 <25 <28 34 34 NA
X7SB135 |X7SS1350002 10/6/2007 50 38 43 44 NA
X7SB136 |X7S5S1360002 10/6/2007 29 30 33 31 NA
X7SB137 |X7SS1370002 10/6/2007 <26 29 29 29 NA
X7SB138 |X7SS1380002 10/6/2007 31 <26 <29 31 NA o .
X7SB139  IX7SS1390002 10/6/2007 =0 22 22 45 NA West Trap Range: ~300 feet west of shooter inside tree line
X7SB140 |X7SS1400002 10/6/2007 39 42 <27 41 NA
X7SB141 X75S1410002 10/6/2007 <27 <27 31 31 NA
X7SB142 [X75S1420002 10/7/2007 33 25 34 31 NA
X7SB143 |X7SS1430002 10/7/2007 40 48 37 42 NA
X7SB143 |X7SS1430002D 10/7/2007 43 34 33 37 NA
X7SB144 X75S51440002 10/7/2007 <29 <29 <25 NA NA
X7SB144 |X7S5S1440002D 10/7/2007 <28 <29 33 33 NA
X7SB145 X75S1450002 10/7/2007 67 70 48 62 NA
X7SB146 [X7S5S1460002 10/7/2007 40 37 41 39 NA South Pistol Range: Shooting lane
X7SB147 |X7SS1470002 10/7/2007 63 82 68 71 NA
X7SB148 |X7S5S1480002 10/7/2007 137 144 163 148 71.8
X7SB149 |X7SS1490002 10/7/2007 62 49 55 55 NA
X7SB150 [X7SS1500002 10/7/2007 28 30 33 30 NA
X7SB151 |X7SS1510002 10/7/2007 24 32 30 29 NA
X7SB152 [X7S5S1520002 10/7/2007 190 250 302 247 460
X7SB153 |X7SS1530002 10/7/2007 69 73 73 72 NA
X7SB154 [X7S5S1540002 10/7/2007 36 18 21 25 NA
X7SB155 |X7SS1550002 10/7/2007 21 28 28 26 NA
X7SB155 [X7551550002D 10/7/2007 33 39 21 33 NA South Pistol Range: Former earth berm location
X7SB156 |X7SS1560002 10/7/2007 28 22 31 27 NA
X7SB157 [X7SS1570002 10/7/2007 40 39 45 41 NA
X7SB158 |X7SS1580002 10/7/2007 31 26 24 27 NA
X7SB159 |X7S5S1590002 10/7/2007 22 27 <17 25 NA
X7SB160 |X7SS1600002 10/7/2007 30 34 28 31 NA
X7SB161 [X7SS1610002 10/7/2007 77 61 81 73 NA
X7SB162 |X7SS1620002 10/7/2007 201 217 165 194 NA South Pistol Range: South of gravel road, along tree line
X7SB163 [X7S5S1630002 10/7/2007 62 84 69 72 NA
X7SB164 X75S51640002 10/7/2007 147 94 159 133 NA
X7SB165 [X7S5S1650002 10/7/2007 142 105 139 129 NA
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X75SB166 X7551660002 10/7/2007 46 52 54 51 NA
X7SB167 X75S51670002 10/7/2007 106 104 93 101 72.2 . o . . .
X7SB168  IX7SS1680002 10/7/2007 61 o5 39 22 NA South Pistol Range: Hillside behind former earth berm. Inside tree line
X75SB169 X7551690002 10/7/2007 <17 18 <17 18 NA
X7SB170 |X7551700002 10/7/2007 219 250 244 238 NA South Pistol Range: Hillside behind former earth berm.
X7SB171 X7S5S1710002 10/7/2007 19 24 30 24 NA
X7SB172 ---
X7SB173 X75S1730002 10/7/2007 117 135 112 121 125
X7SB174 1X7551740002 10/7/2007 Lol ekl 448 eed 430 Between 400- and 500-Yards Berms: Used to delineate SB55
X7SB175 X7S5S1750002 10/7/2007 105 88 95 96 170
X7SB176 X75S1760002 10/7/2007 151 144 147 147 NA
X7SB177 X7SS1770002 10/7/2007 124 104 116 115 115
X7SB178 X75S1780002 10/7/2007 27 29 33 30 40.9
X7SB179 X7S5S1790002 10/7/2007 95 116 101 104 83.6 . .
X7SB180  IX7SS1800002 10/7/2007 =9 36 39 85 39 400-Yard Berm: Used to delineate SB45 and SB46
X7SB181 X7551810002 10/7/2007 214 189 204 202 212
X75B182 X7551820002 10/7/2007 103 125 99 109 95.1
X7SB183 X7551830002 10/7/2007 28 26 20 25 28.8 . .
Dirt M d: Used to delinetae SB39
X7SB184  |X7S51840002 10/7/2007 27 27 23 26 253 It vound. Used o definetae
X7SB185 X7551850002 10/9/2007 19 31 23 24 NA
X75B186 X7551860002 10/9/2007 33 35 28 32 NA East Trap Range: ~550 feet north of shooter
X75SB187 X75S51870002 10/9/2007 <16 <17 21 21 NA
X75B188 X7551880002 10/9/2007 18 30 23 24 NA
X7SB189 X7551890002 10/9/2007 173 169 155 166 151 .
Bet 400- and 500-Yards B . Used to del te SB174

X7SB190  |X7S51900002 10/9/2007 | 354 309 341 335 NA etween 400-an ards berms. Lsed fo delineate

MCS = Media cleanup standard
NA = Not applicable. Analyzed for PAHs and results are presented in Section 3.0.
XRF = X-Ray Fluorescence

(1) Sample was originally mislabeled on the sample bag as X7SB058. To ensure that sample was collected in correct location, a second sample was collected at X7SB055 and analyzed, with the results shown
as the duplicate.
2 Due to the possible blunder with original sample at X7SB055, a second sample was collected at X7SB058 and analyzed with results shown as the duplicate.
- Shading indicates a concentration greater then the residential Media Cleanup Standard (MCS) of 400 mg/kg.
- Sample at location X7SB006 was first analyzed with XRF undried. Sample was then properly dried and reanalyzed as a duplicate.
- XRF instrument began to malfunction while analyzing X7SB152. Unable to standardize. Instrument was shut down and rental company contacted. Instrument removed from service and new instrument sent
via overnight as replacement.
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3.0 DATA REPORT/DATA QUALITY REVIEW

Sections 3.1 and 3.2 provide an overview of the data validation process. Section 3.3 provides an
evaluation of the data quality beyond data validation. Table 3-1 contains all the qualified data. A

complete printout of all field sample results is presented in Appendix D.

3.1 DATA VALIDATION PROCESS AND DATA QUALITY REVIEW

This section contains a description of the data review processes used to determine whether analytical
laboratory data were of acceptable technical quality for use in decision making. The review began with
data validation, which is a comparison of data quality indicators (DQIs) to prescribed acceptance criteria.
The DQIs used are measures to assess the bias and precision of the analytical calibrations and sample
analyses. The output of this review was a set of alphabetic flags such as "U,” “J,” “R,” or combinations
thereof that may have been assigned to individual results based on the validation effort. These flags
were used to infer the general quality of the data. Also evaluated were the measures of data

completeness, sensitivity, comparability and representativeness.

3.1.1 Data Validation Process

Results from the fixed-base analytical laboratory samples were validated according to several
specifications. Assignment of data qualification flags conformed to U.S. EPA Contract Laboratory
Program National Functional Guidelines for Organic Data Review (U.S. EPA, October 1999) and
Inorganic Data Review (U.S. EPA, October 2004) to the greatest extent practicable for Non-Contract
Laboratory Program data. Data validation specifications require that various data qualifiers be assigned
when a deficiency is detected or when a result is less than its detection limit. If no qualifier is assigned to
a result that has been validated, the data user is assured that no technical deficiencies were identified

during validation. The qualification flags used are defined as follows:

U — Indicates that the chemical was not detected at the numerical detection limit (sample-specific
detection limit) noted. Non-detected results from the laboratory are reported in this manner. This qualifier
is also added to a positive result (reported by the laboratory) if the detected concentration is determined

to be attributable to contamination introduced during field sampling or laboratory analysis.
UJ — Indicates that the chemical was not detected; however, the detection limit (sample-specific detection

limit) is considered to be estimated based on problems encountered during laboratory analysis. The

associated numerical detection limit is regarded as inaccurate or imprecise.

080806/P 3-1 CTO F272
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J — Indicates that the chemical was detected; however, the associated numerical result is not a precise
representation of the concentration that is actually present in the sample. The laboratory reported

concentration is considered to be an estimate of the true concentration.

UR - Indicates that the chemical may or may not be present. The non-detected analytical result reported
by the laboratory is considered to be unreliable and unusable. This qualifier is applied in cases of gross
technical deficiencies (e.g., holding times missed by a factor of two times the specified time limits, severe

calibration non-compliances, and extremely low analyte recoveries).

R — Indicates that the chemical may or may not be present. The positive analytical result reported by the
laboratory is considered to be unreliable and unusable. This qualifier is applied in cases of gross
technical deficiencies.

The last four of the five preceding data qualifiers may be categorized as indicative of major or minor
problems. Major problems are defined as issues that result in the rejection of data and qualification with
UR or R data validation qualifiers. These data are considered invalid and are not used for decision-
making purposes unless they are used in a qualitative way and their use is justified and documented.
Minor problems are defined as issues resulting in the estimation of data and qualification with J and UJ
data validation qualifiers. Estimated analytical results are considered to be suitable for decision-making
purposes unless the data use requirements are very stringent and the qualifier indicates a deficiency that
is incompatible with the intended data use. A U qualifier does not necessarily indicate that a data
deficiency exists because all non-detect values are flagged with the U qualifier regardless of whether a
quality deficiency has been detected. No data from the UXO 7 RFI at NSWC Crane were rejected and
considered unusable.

3.2 DATA VALIDATION OUTPUTS

After data were validated, a list was developed of non-conformities requiring data qualifier flags that were
used to alert the data user to inaccurate or imprecise data. For situations in which several QC criteria
were out of specification, the data validator made professional judgements and or comments on the
validity of the overall data package. The reviewer then prepared a technical memorandum presenting
gualification of the data, if necessary, and the rationale for making such qualifications. The net result was
a data package that had been carefully reviewed for its adherence to prescribed technical requirements.

Pertinent quality estimates are summarized in a more quantitative format in the following section.

080806/P 3-2 CTO F272
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3.3 DATA QUALITY REVIEW

DQIs are parameters monitored to help establish the quality of data generated during an investigation.
Some of the DQIs are generated from analysis of field samples (e.g., field duplicates), and some are
generated from the analysis of laboratory samples (e.g., laboratory duplicates). Individually, field and
laboratory DQIs provide measures of the performance of the respective investigative operations (field or
laboratory). During data validation, individual QC results were evaluated. If individual QC results were
acceptable, no validation flag was assigned to an analytical result; otherwise, a flag indicating the type of
QC deficiency was assigned to the result. Samples from NSWC Crane UXO 5 were analyzed by Laucks
Laboratories at the same time UXO 7 samples were analyzed. Consequently, samples from more than
one UXO but of a similar matrix may have arrived at the analytical laboratory within a similar time frame.
Depending on sample arrival dates, samples from different UXOs may have been combined into the
same sample preparation or analysis groups for metals only. Explosives were only analyzed at UXO 5,
and PAHs were only analyzed at UXO 7. Table 3-1 lists all the data that were qualified and the reasons
for the qualifications. The sample results assigned the qualification code “A” were less than five times the
blank action level. Sample results given the qualification code “C” were associated with a continuing
calibration that had a percent recovery less than 90 percent. Sample results given the qualification code
“P” were greater than the method detection limit (MDL) but less than the laboratory reporting limit (RL).
This is a standard qualification for results reported near the MDL that alerts the user to the greater
uncertainty of results reported near the MDL. Sample results given the qualification code “G” had greater
than 50 percent relative percent difference (RPD) between field duplicate results. Sample results given
the qualification code “N” were associated with an internal standard that had less than a 50 percent
recovery. The sample result given the qualification code “D” was associated with a spike that had a low
percent recovery (%R). The sample result with the qualification code “PN” was between the MDL and RL

and had a low internal standard recovery.

3.3.1 Completeness

Completeness is a measure of the number of valid samples or measurements that are available relative
to the number of samples or measurements that were intended to be generated. For this project,
completeness was measured on two different bases, samples collected and laboratory measurements, as

follows:
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e Sample completeness was a measure of the usable samples collected as compared to those
intended to be collected.

o Field measurement completeness was a measure of the usable field measurements made relative to
those intended to be made.

e Laboratory measurement completeness was a measure of the amount of usable, valid, laboratory
measurements per matrix obtained for each target analyte.

Usable valid samples (or results) were those judged, after data assessment, to represent the sampling

populations and to have not been disqualified for use through data validation or additional data review.

Completeness was determined using the following equation:

%C:XXIOO
T

where %C = percent completeness
\% = number of samples (or results) determined to be valid
T = total number of planned samples (or results)

More samples than originally proposed were collected at UXO 7 to complete delineation at several
locations. The percent completeness for field XRF measurements for the UXO 7 RFI was 100 percent.

The percent completeness for laboratory measurements for the UXO 7 RFI was 100 percent.

3.3.2 Sensitivity

The threshold values (TVs) reported by the laboratory were less than the human health criteria for UXO 7
except for antimony and thallium. The TVs for antimony and thallium exceeded the U.S. EPA Sall
Screening Level (SSL) for migration to groundwater. The impact of these exceedances is discussed in
the Human Health Risk Assessment (HHRA) (Section 6.0).

To understand the impact of not having achieved screening values, it is important to understand the
convention used for reporting non-detect values. Concentrations of organic analytes that were less than
their MDLs were reported as the TV, which is similar to the MDL, followed by a U qualifier. The TVs were
generally less than laboratory RLs but were typically greater than MDLs. The TVs represent detection

limits as they apply to project-specific sample matrices, as opposed to MDLs, which are determined on
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ideal matrices. This convention was used in response to efforts to measure concentrations as low as the
project screening values. If a measured organic analyte concentration exceeded the TV but was less
than the RL, the reported concentration was the measured concentration followed by a J qualifier. The J
qualifier signified that the reported concentration had a high degree of uncertainty even though there was
a high level of confidence that the analyte had been detected in the sample. Concentrations less than
TVs for inorganics were reported as TVs with a U qualifier. Concentrations of inorganics between TVs
and RLs were reported with no qualifier. Concentrations of organics and inorganics that exceeded RLs

were not qualified unless a data quality deficiency was identified.

3.3.3 Accuracy

Accuracy requirements for field measurements are typically ensured through control over sample
collection and handling and through routine instrument calibration. Field accuracies were monitored
through the use of blanks to detect cross-contamination and by monitoring adherence to procedures that
prevent sample contamination or degradation. An equipment rinsate blank was collected during this
investigation to assess cross-contamination via sample collection equipment. The blank was obtained
under representative field conditions by collecting the rinse water generated by running analyte-free water
through sample collection equipment after decontamination and before use. The rinsate blank was

analyzed for the same chemical constituents as the associated environmental samples.

Accuracy in the laboratory was measured through the comparison of a spiked sample or laboratory
control sample (LCS) result to a known or calculated value and is expressed as %R. It was also
assessed by monitoring the analytical recovery of select surrogate compounds added to samples that are
analyzed by organic chromatographic methods. LCSs were used to assess the accuracy of laboratory
operations with minimal sample matrix effects. MS and surrogate compound analyses measure the
combined accuracy effects of the sample matrix, sample preparation, and sample measurement. LCS
and MS analyses were performed at a frequency of one per 20 associated samples of like matrix as
required by the QAPP for SWMUs 8, 15, 18, 19, 20 and the Old Gun Tub Storage Lot, (TtNUS, 2004).
Laboratory accuracy was assessed by comparing calculated %R values to accuracy control limits

specified by the laboratory using SW-846 Methods.

%R is calculated using the following equation:

%R:%x 100 %
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where %R = percent recovery
Ss = result of spiked sample
So = result of non-spiked sample
S = concentration of spiked amount.

All matrix spike (MS) and matrix spike duplicate (MSD) recoveries met laboratory QC limits for all samples
except one. The MS/MSD for sample X7SS1210002 had a 0 %R in the MS and a 19 %R in the MSD for
acenaphthene. The MS and MSD recoveries indicate a low bias for acenaphthene in this sample only. All

other MS/MSD acenaphthene recoveries met QC limits.

Several PAH surrogates were outside of laboratory QC limits. However, because only one base/neutral
surrogate per fraction was outside of control limits, no impact on data quality is expected and no data
gualification action was taken.

All LCS/laboratory control sample duplicate (LCSD) recoveries met accuracy limits as specified by the

laboratory.

3.34 Precision

Precision is a measure of the degree to which two or more measurements are in agreement and
describes the reproducibility of measurements of the same parameter for samples analyzed under similar

conditions.

Precision for chemical parameters is expressed as a RPD, which is defined as the ratio of the difference
to the mean for the two values being evaluated. RPDs, typically expressed as percentages, are used to

evaluate both field and laboratory duplicate precision and are calculated as follows:

_|vi-v2

RPD=—1— " _x
(Vi+Vv2)/2

100

where RPD
V1, V2

relative percent difference

two results obtained by analyzing duplicate samples
The precision estimates obtained from duplicate field samples encompass the combined uncertainty

associated with sample collection, homogenization, splitting, handling, laboratory and field storage (as

applicable), preparation for analysis, and analysis. In contrast, precision estimates obtained from
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analyzing duplicate laboratory samples incorporate only homogenization, subsampling, preparation for

analysis, laboratory storage (if applicable), and analysis uncertainties.

Field duplicate imprecision (greater than 50 percent) for antimony was noted for sample pair
X7SS0450002/X7SS0450002-D.  All positive results for antimony for samples associated with the
digestion batch were qualified as estimated. This field duplicate non-compliance for one metal in one
field duplicate does not indicate an overall precision problem, but the associated digestion batch may be

heterogeneous. This isolated event is not considered to have an impact on data quality.

All MS/MSD and LCS/LCSD RPDs met QC limits.

3.3.5 Comparability

Comparability is defined as the confidence with which one data set can be compared with another
(e.g., among sampling points and among sampling events). Comparability was achieved by using
standardized sampling and analysis methods and standardized data reporting formats. Comparability of field
data was ensured by following the Quality Assurance Project Plan for SWMUs 8, 15, 18, 19, 20 and the
Old Gun Tub Storage Lot, (TtNUS, 2004) and Addendum No. 2 (TtNUS, 2007). Comparability of
laboratory measurements was achieved primarily through the use and documentation of standard sampling
and analytical methods. Results were reported in units that ensured comparability with previous data and
with current state and federal standards and guidelines. Comparability of laboratory measurements was

assessed primarily through the use of QC samples and through adherence to the laboratory’s QA plan.

The analyte beryllium had several continuing calibration %Rs outside of the 90 t0110 percent QC limits. The
out-of-control %Rs ranged from 88.1 to 89.1. There is a slight low bias for the beryllium results for samples
X75S1800002, X7SS1820002, X7SS1830002, and X7SS1840002. The impact on data quality is not
expected to be significant because only four results are associated with the continuing calibration non-

compliance.

3.3.6 Representativeness

Representativeness is an expression of the degree to which data accurately and precisely depict the
actual characteristics of a population or environmental condition existing at the site. The Quality
Assurance Project Plan for SWMUs 8, 15, 18, 19, 20 and the Old Gun Tub Storage Lot, (TtNUS, 2004)
and Addendum No. 2 (TtNUS, 2007) and the use of standardized sampling, sample handling, sample

analysis, and data reporting procedures were designed so that the final data would be accurate
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representations of actual site conditions. It is believed that all reported data are adequately

representative of site conditions.

3.4 CORRELATION BETWEEN XRF AND FIELD METHODS

From the samples that were analyzed in the field using XRF and also at the fixed-base laboratory, a
regression analysis was conducted to evaluate the correlation between the fixed base laboratory lead
results and XRF lead results. To evaluate the regression analysis, the Pearson Correlation and the
R-squared value were calculated. The Pearson Correlation is a measure of the strength of the linear
relationship between two or more variables with a range of -1 to +1. The value of -1 represents a perfect
negative correlation (as one variable decreases the other increases proportionally); whereas, a value of
+1 represents a perfect positive correlation (as one variable increases the other increases proportionally).
A value of 0 represents a lack of correlation. The correlation for this analysis is 0.93, indicating there is a
fairly strong positive correlation between the fixed-base laboratory and field XRF lead results. The
R-squared value represents the percent of variation in the fixed-base laboratory lead results that can be
explained by the XRF lead results. The R-squared value for this regression analysis is 86 percent. An
R-Squared value greater than 80 percent is considered to indicate a very strong relationship between the
two measurement methods; the maximum possible value is 100 percent. The regression analysis is
included in Appendix D. By examining the scatterplot of the regression, it can be seen that the
distribution of the concentrations along the regression line is random, the laboratory concentrations are
below the regression line for certain ranges of the XRF concentrations and above the regression line for
different ranges of XRF concentrations. This means that the predicted laboratory concentrations are not

systematically overpredicted or underpredicted based on the XRF concentrations.
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SAMPLE
SAMPLE VALIDATION QUALIFICATION
NUMBER PARAMETER R’(ILEJZL/JIST UNITS QUALIFIER CODE REASON FOR QUALIFICATION
X75S0020002 ANTIMONY 0.71 mg/kg U A Laboratory blank contamination
X75S0020002 SODIUM 75.7 mg/kg U A Laboratory blank contamination
X75S0030002 ANTIMONY 5.8 mg/kg J G Field duplicate imprecision
X7SS0030002 SODIUM 22.7 mg/kg U A Laboratory blank contamination
X7550040002 ANTIMONY 11.1 mg/kg J G Field duplicate imprecision
X75S0040002 SODIUM 21.1 mg/kg U A Laboratory blank contamination
X7550120002 ANTIMONY 1.6 mg/kg J G Field duplicate imprecision
X75S0120002 SODIUM 36.8 mg/kg U A Laboratory blank contamination
X75S0120002-D SODIUM 38.6 mg/kg U A Laboratory blank contamination
X75S0120002-D ANTIMONY 0.86 mg/kg U A Laboratory blank contamination
X7550190002 ANTIMONY 3.7 mg/kg J G Field duplicate imprecision
X75S0190002 SODIUM 57.8 mg/kg U A Laboratory blank contamination
X75S0390002 ANTIMONY 96.2 mg/kg J G Field duplicate imprecision
X7S5S0390002 SODIUM 65.3 mg/kg U A Laboratory blank contamination
X7550440002 SODIUM 59.2 mg/kg U A Laboratory blank contamination
X7550440002 ANTIMONY 4.5 mg/kg J G Field duplicate imprecision
X7550450002 ANTIMONY 3.9 mg/kg J G Field duplicate imprecision
X75S0450002-D ANTIMONY 9.4 mg/kg J G Field duplicate imprecision
X7550450002-D SODIUM 32.8 mg/kg U A Laboratory blank contamination
X75S0460002 ANTIMONY 24.5 mg/kg J G Field duplicate imprecision
X7550460002 SODIUM 34.1 mg/kg U A Laboratory blank contamination
X75S0480002 ANTIMONY 5.6 mg/kg J G Field duplicate imprecision
X7550480002 SODIUM 44.4 mg/kg U A Laboratory blank contamination
X7S5S0550002 SODIUM 40.5 mg/kg U A Laboratory blank contamination
X75S0550002 ANTIMONY 37.9 mg/kg J G Field duplicate imprecision
X75S0660002 ANTIMONY 0.21 mg/kg J G Field duplicate imprecision
X75S0710002 INDENO(1,2,3-CD)PYRENE 4.8 pa/kg J P Uncertainty near the detection limit
X7SS0750002 ACENAPHTHENE 4.9 ug/kg J P Uncertainty near the detection limit
X75S0750002 ANTIMONY 0.93 mg/kg J G Field duplicate imprecision
X7SS0750002 FLUORENE 4.6 ug/kg J P Uncertainty near the detection limit
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NUMBER PARAMETER R’(ILEJZL/JIST UNITS QUALIFIER CODE REASON FOR QUALIFICATION
X7550860002 BENZO(A)ANTHRACENE 0.95 pa/kg uJ N Internal standard non-compliance
X75S0860002 BENZO(A)PYRENE 1 ug/kg uJ N Internal standard non-compliance
X75S0860002 | BENZO(B)FLUORANTHENE 0.95 pa/kg uJ N Internal standard non-compliance
X75S0860002 BENZO(G,H,)PERYLENE 1 ug/kg uJ N Internal standard non-compliance
X75S0860002 | BENZO(K)FLUORANTHENE 0.49 pa/kg uJ N Internal standard non-compliance
X75S0860002 CHRYSENE 0.9 ug/kg uJ N Internal standard non-compliance
X75S0860002 | DIBENZO(A,H)ANTHRACENE 1.1 pa/kg uJ N Internal standard non-compliance
X75S0860002 INDENO(1,2,3-CD)PYRENE 1.3 ug/kg uJ N Internal standard non-compliance
X7550860002 PYRENE 1.1 pa/kg uJ N Internal standard non-compliance
X7S5S1160002 | BENZO(B)FLUORANTHENE 1400 ug/kg J N Internal standard non-compliance
X7551160002 BENZO(G,H,)PERYLENE 340 pa/kg J N Internal standard non-compliance
X7S5S1160002 | BENZO(K)FLUORANTHENE 490 ug/kg J N Internal standard non-compliance
X7S5S1160002 | DIBENZO(A,H)ANTHRACENE 69 pa/kg J N Internal standard non-compliance
X75S1160002 INDENO(1,2,3-CD)PYRENE 330 ug/kg J N Internal standard non-compliance
X7551160002 2-METHYLNAPHTHALENE 3.9 pa/kg J P Uncertainty near the detection limit
X75S51160002 BENZO(A)PYRENE 890 ug/kg J N Internal standard non-compliance
X75S51210002 ACENAPHTHENE 550 pa/kg J D Spike recovery non-compliance
X75S1210002 BENZO(A)PYRENE 8100 ug/kg J N Internal standard non-compliance
X75S1210002 | BENZO(B)FLUORANTHENE 12000 pa/kg J N Internal standard non-compliance
X75S1210002 BENZO(G,H,)PERYLENE 2900 ug/kg J N Internal standard non-compliance
X75S1210002 | BENZO(K)FLUORANTHENE 4700 pa/kg J N Internal standard non-compliance
X7SS1210002 | DIBENZO(A,H)ANTHRACENE | 970 ug/kg J PN Uncertainty near the detection limit /
Internal standard non-compliance
X75S1210002 INDENO(1,2,3-CD)PYRENE 2900 ug/kg J N Internal standard non-compliance
X7551220002 BENZO(G,H,)PERYLENE 5.7 pa/kg J P Uncertainty near the detection limit
X7S5S1220002 | BENZO(K)FLUORANTHENE 6.4 ug/kg J P Uncertainty near the detection limit
X7551220002 INDENO(1,2,3-CD)PYRENE 4.7 pa/kg J P Uncertainty near the detection limit
X75S1230002 BENZO(A)PYRENE 1600 ug/kg J N Internal standard non-compliance
X75S1230002 | BENZO(B)FLUORANTHENE 2700 pa/kg J N Internal standard non-compliance
X75S1230002 BENZO(G,H,)PERYLENE 730 ug/kg J N Internal standard non-compliance
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X75S1230002 | BENZO(K)FLUORANTHENE 880 pa/kg J N Internal standard non-compliance
X75S1230002 | DIBENZO(A,H) ANTHRACENE 150 ug/kg J N Internal standard non-compliance
X75S51230002 INDENO(1,2,3-CD)PYRENE 670 pg/kg J N Internal standard non-compliance
X7S5S1270002 SODIUM 62.2 mg/kg U A Laboratory blank contamination
X75S1270002 ANTIMONY 0.61 mg/kg J G Field duplicate imprecision
X75S1290002 ANTHRACENE 4.2 ug/kg J P Uncertainty near the detection limit
X7551360002 PYRENE 3.2 pa/kg J P Uncertainty near the detection limit
X75S51480002 ANTIMONY 1.2 mg/kg J G Field duplicate imprecision
X7551480002 SODIUM 106 mg/kg U A Laboratory blank contamination
X75S1520002 SODIUM 68.9 mg/kg U A Laboratory blank contamination
X7551520002 ANTIMONY 6.1 mg/kg J G Field duplicate imprecision
X75S1670002 SODIUM 75.8 mg/kg U A Laboratory blank contamination
X75S51670002 ANTIMONY 0.73 mg/kg J G Field duplicate imprecision
X7SS1730002 ANTIMONY 3.7 mg/kg J G Field duplicate imprecision
X75S1730002 SODIUM 83.9 mg/kg U A Laboratory blank contamination
X7S5S1740002 SODIUM 58.5 mg/kg U A Laboratory blank contamination
X75S1740002 ANTIMONY 12.3 mg/kg J G Field duplicate imprecision
X7SS1750002 ANTIMONY 3.3 mg/kg J G Field duplicate imprecision
X75S1750002 SODIUM 31.1 mg/kg U A Laboratory blank contamination
X7SS1770002 ANTIMONY 2.6 mg/kg J G Field duplicate imprecision
X75S1770002 SODIUM 50.1 mg/kg U A Laboratory blank contamination
X7SS1780002 ANTIMONY 0.98 mg/kg J G Field duplicate imprecision
X7551780002 SODIUM 43.9 mg/kg U A Laboratory blank contamination
X75S1790002 ANTIMONY 2 mg/kg J G Field duplicate imprecision
X7551790002 SODIUM 23.8 mg/kg U A Laboratory blank contamination
X75S51800002 ANTIMONY 2.1 mg/kg J G Field duplicate imprecision
X7551800002 BERYLLIUM 0.827 mg/kg J C Calibration non-compliance
X75S51810002 ANTIMONY 5.3 mg/kg J G Field duplicate imprecision
X7551810002 SODIUM 19.1 mg/kg U A Laboratory blank contamination
X75S51820002 ANTIMONY 2.8 mg/kg J G Field duplicate imprecision
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X7551820002 BERYLLIUM 0.703 mg/kg J C Calibration non-compliance
X75S1830002 ANTIMONY 0.59 mg/kg U A Laboratory blank contamination
X7551830002 BERYLLIUM 0.718 mg/kg J C Calibration non-compliance
X7551840002 ANTIMONY 0.38 mg/kg U A Laboratory blank contamination
X7551840002 BERYLLIUM 0.625 mg/kg J C Calibration non-compliance
X7551890002 ANTIMONY 2.6 mg/kg J G Field duplicate imprecision
X7551890002 SODIUM 64.7 mg/kg U A Laboratory blank contamination
X7551890002 THALLIUM 0.128 mg/kg U A Laboratory blank contamination

D = Indicates a duplicate sample.
mg/kg = Milligram per kilogram.
ug/kg = Microgram per kilogram.




NSWC Crane

UXO 7 - RFI Report
Revision: 0

Date: July 2009
Section: 4

Page 1 of 5

4.0 NATURE AND EXTENT AND COPC SELECTION

This section presents a summary of the locations, spatial patterns, and concentrations of contamination
detected in soil at NSWC Crane UXO 7 during the RFI field sampling event conducted in October 2007.

UXO 7 is approximately 20 acres and is comprised of the South Pistol Range, West Trap Range, and
East Trap Range. Also included in this investigation was the ORR which includes the Main Target Area
and the associated firing berms at distances of 100, 200, 300, 400, and 500 yards from the Main Target
Area. One hundred and eighty-nine soil samples were collected to determine contaminant concentrations
in soil at the sites. The areas between the ORR firing berms and a dirt mound located between the 300-

and 400-yard firing berms were also sampled during this RFI.

All samples were collected at depths of 0 to 2 feet bgs and subjected to field analysis for lead utilizing a
portable XRF analyzer. A subset of the soil samples in areas where the lead XRF concentration was
near the decision criterion of 400 mg/kg were selected for analysis at a fixed-base laboratory for TAL
metals. Additionally, samples at the former East and West Trap Ranges where maximum outfall of the
clay pigeons was suspected were analyzed for PAHs. Section 2.0 provides details regarding the field

investigation. Figure 2-1 shows the locations of all soil samples collected at UXO 7.

The two main concerns at UXO 7 include metals (specifically lead) from bullets at the ORR and the Old
Pistol Range, and lead shot and PAHs from clay targets at the West and East Trap Ranges. The
following subsections discuss results for each of the four main areas of sampling. Figure 2-1, located in
Section 2.0, presents all UXO 7 soil sample locations. Table 4-1 presents the various human health
screening levels used to evaluate the soil samples collected at UXO 7. Figure 4-1 presents all field XRF
concentrations that exceeded the 400 mg/kg decision criteria for lead. The lead concentrations varied
across the UXO 7 former small arms ranges and for the purpose of evaluating the risks for lead exposure
(as described in Section 7.0). The area was subdivided into three exposure units (northern zone, central
zone, and southern zone) as indicated on Figure 4-1. Figure 4-2 presents the fixed-base laboratory
inorganic exceedances and Figure 4-3 presents the fixed-base laboratory semivolatile inorganic

exceedances. The following subsections discuss results for each of the four main areas of sampling.

4.1 OLD RIFLE RANGE SUMMARY

The ORR consists of a Main Target Area on which targets were raised to the top of the berm. Bullets

striking the targets or missing high or to the sides would pass over this target area and impact the hillside
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directly to the south. Bullets undershooting the targets would impact the Main Target Area berm.
Personnel fired at the targets from 100-, 200-, 300-, 400-, and 500-yard berms to the north. Any lead
contamination on the firing position berms would be expected from spent casings, unused ammunition, or
lead residue from the firing process. Also sampled at the ORR were open areas between the firing
berms, and a large dirt mound located between the 300- and 400-yard firing berms. This dirt mound was
most likely placed in this area after the range had been closed because it blocks a large portion of the
view from the Main Target Area to the 400- and 500-yard firing berms.

Seventy-six soil samples were collected at various locations at the ORR (see Figure 2-1), and only four

had average field XRF lead concentrations that exceeded the decision criterion of 400 mg/kg (Figure 4-1).

Samples X7SS045 and 046 at the 400-yard berm had XRF lead concentrations of 562 and 701 mg/kg,
respectively. The 10 other samples collected around these two locations all had XRF lead concentrations
less than 400 mg/kg (see Figure 4-1). Of these 10 samples, eight were also analyzed for metals at the
fixed-base laboratory, and all laboratory lead concentrations were less than 250 mg/kg. Based on these

results the extent of lead contamination is well bounded horizontally in this area.

Sample X7SS055, located between the 400- and 500-yard firing positions, had a field XRF average lead
reading of 1,015 mg/kg and a fixed-base laboratory lead concentration of 1,160 mg/kg. Six additional
samples were collected in this area, and only one sample X7SS174, located approximately 10 feet east of
X7SS055, had a lead concentration greater than 400 mg/kg (442 and 430 mg/kg, XRF and laboratory,
respectively). The remaining five sample locations had XRF and laboratory lead concentrations less than

400 mg/kg, bounding the extent of lead contamination in this area horizontally (see Figure 4-1).

Sample location X7SS039, located at the large dirt mound between the 300- and 400- yard berms, had
an XRF lead concentration of 382 mg/kg; however, its fixed-base laboratory lead concentration was
495 mg/kg. Additional samples collected to the north, south, east, and west all had XRF lead
concentrations significantly less than 400 mg/kg. The extent of lead contamination in this area is also

well bounded horizontally.

Sample location X7SS019, located along the hillside to the south of the Main Target Area, had an XRF
lead concentration of 255 mg/kg; however, the fixed-base laboratory lead concentration was 537 mg/kg.
Samples collected immediately to the north, east, and west all had XRF lead concentrations less than
115 mg/kg. Because the field XRF reading at X7SS019 was less than the decision criterion of
400 mg/kg, no additional sample was collected to the south, and any lead contamination in this direction

is currently unbounded.
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4.2 SOUTH PISTOL RANGE SUMMARY

The South Pistol Range consisted of shooting lanes in which the shooter would fire south towards targets
located in front of an earthen berm. Bullets passing through, over, under, or next to the targets would
have impacted the target berm or the area immediately in front of the berm. The earthen berm behind the
targets was previously removed. The disposition of the material is unknown. Any lead contamination in
the shooting lanes would be expected from spent casings, unused ammunition, or lead residue from the

firing process.

Thirty soil samples were collected at various locations at the South Pistol Range (see Figure 2-1).
Seventeen of the samples were collected in the area of the shooting lanes and in the location of the
former target berm. Of these 17 samples, sample location X7SS152 had a field XRF lead concentration
of 247 mg/kg; however, the fixed-base laboratory lead concentration was 460 mg/kg. This location was
surrounded by additional samples with XRF lead concentrations less than 75 mg/kg. Based on the XRF
readings, lead contamination is well bounded horizontally in this area. In the unlikely event that bullets
would have passed over the former berm, 13 soil samples were collected from the hillside just south of
the former target berm. All XRF lead concentrations from these samples were significantly less than the

decision criterion of 400 mg/kg.

4.3 WEST TRAP RANGE SUMMARY

The West Trap Range consisted of a former launch area in the eastern portion of the site from which clay
targets were launched to the west, and personnel standing behind or to the side of the launch area would

fire shotguns at the targets.

Forty-seven soil samples were collected within the area of the former West Trap Range. Each sample
was analyzed in the field for lead with the portable XRF analyzer. All XRF lead concentrations were less
than 50 mg/kg. Only the sample from location X7SS127 was submitted to the fixed-base laboratory and
had a lead concentration of 25.3 mg/kg. Lead contamination is therefore not a concern at the former

West Trap Range (Figure 4-2).

Of the 47 samples collected at the former West Trap Range, six were submitted to the fixed-base
laboratory for PAH analysis (X7SS1160002, X7SS1210002, X7SS1220002, X7S5S1230002,
X75S1290002, X7SS1360002). Four of those samples (X7SS116, X7SS123, X7SS129, and X7SS121)

exceeded the human health risk screening criteria for PAHs, and three of the samples (X7SS116,
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X7SS123, and X7SS121) exceeded the ecological risk screening level for PAHs. Based on this

information, PAH contamination within the West Trap Range is horizontally unbounded.

4.4 EAST TRAP RANGE SUMMARY

The East Trap Range consisted of a former launch area in the southern portion of the site from which clay
targets were launched to the north, and personnel standing behind or to the side of the launch area would
fire shotguns at the targets.

Thirty-six soil samples were collected within the area of the former East Trap Range. Each sample was
analyzed in the field for lead with the portable XRF analyzer. All XRF lead concentrations were less than
45 mg/kg. Samples from locations X7SS066 and X7SS075 were submitted to the fixed-base laboratory
and had lead concentrations of 10.3 and 33.1 mg/kg, respectively. Lead contamination is therefore not a
concern at the former East Trap Range.

Of the 36 samples collected at the former East Trap Range, five were submitted to the fixed-base
laboratory for PAH analysis (X7SS0710002, X7SS0750002, X7SS0790002, X7SS0810002,
X7SS0860002). Only the samples from locations X7SB071 and X7SB075 had PAHs at concentrations
that exceeded human health risk screening criterion and were therefore retained in the initial screening
process as COPCs. No PAHs were retained as COPCs during the initial ecological risk screening
process (Figure 4-3).

4.5 SUMMARY OF NATURE AND EXTENT OF CONTAMINATION

Lead is the primary metal of concern at UXO 7. Of the 189 surface soil samples collected at UXO 7 and
field screened for lead with the XRF, four sample locations (X7SB045, 046, 055, 174) had XRF lead
concentrations greater than the decision criterion of 400 mg/kg. Of these four sample locations, the fixed-
base laboratory metals analyses confirmed the lead exceedances at sample locations X7SB046, 055,
and 174. The fixed-base laboratory lead concentration at sample location X7SB045 was 286 mg/kg,
which is lower than the 400 mg/kg decision criterion. Sample locations X7SB019, 039, and 152 had field
XRF lead concentrations less than 400 mg/kg; however, their respective fixed-base laboratory metals

analyses had lead concentrations slightly exceeding the decision criterion of 400 mg/kg.
Eleven samples from the East and West Trap Ranges were selected for PAH analyses at a fixed-base

laboratory. Eight PAHs were found to exceed ecological risk screening levels and six PAHs were found

to exceed human health risk screening levels. The PAHs include benzo(a)anthracene, benzo(a)pyrene,
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IDEM USEPA SSLs for IDEM Criteria USEPA SSLs for | USEPA SSLs for
CAS Numb Chemical U. S. EPA Region 9| Residential Migration from Migration from Migration from Migration from
umber emica PRG (Residential)®| Soil Criteria Soil to Soil to Soil to Air Soil to Air

@

Groundwater®

Groundwater®

Residential®

Construction®

Semivolatile Organic Compounds (ug/kg)

91-57-6 |2-methylnaphthalene 5600 N© 630000 31000 700 NA NA
83-32-9 |Acenaphthene 370000 N 9500000 31000 130000 NA NA
208-96-8 |Acenaphthylene 370000 N 1100000 31000 18000 NA NA
120-12-7 |Anthracene 2200000 N 47000000 650000 51000 NA NA
56-55-3 |Benzo(a)anthracene 150 C 5000 160 19000 NA NA
50-32-8 |Benzo(a)pyrene 15 C 500 410 8200 NA 280000
205-99-2 |Benzo(b)fluoranthene 150 C 5000 490 57000 NA NA
191-24-2 |Benzo(g,h,i)perylene 230000 N® NA 230000 570000 NA NA
207-08-9 |Benzo(k)fluoranthene 1500 C 50000 490 39000 NA NA
218-01-9 |Chrysene 15000 C 500000 160 25000 NA NA
53-70-3 |Dibenzo(a,h)anthracene 15C 500 1500 18000 NA NA
206-44-0 |Fluoranthene 230000 N 6300000 310 880000 NA NA
86-73-7 |Fluorene 270000 N 6300000 41000 170000 NA NA
193-39-5 [Indeno(1,2,3-cd)pyrene 150 C 5000 1400 3100 NA NA
85-01-8  [Phenanthrene 230000 N® 470000 230000 13000 NA NA
129-00-0 |Pyrene 230000 N 4700000 230000 570000 NA NA
Inorganics (mg/kg)
7429-90-5 [Aluminum 7600 N NA NA NA 709000 NA
7440-36-0 |Antimony 31N 140 0.27 5.4 NA NA
7440-38-2 |Arsenic 0.39 C 3.9 0.29 5.8 769 58
7440-39-3 |Barium 540 N 63000 82 1600 70900 170
7440-41-7 |Beryllium 15 N 680 3.2 63 1380 7.1
7440-43-9 |[Cadmium 37N 12 0.38 75 1840 140
7440-70-2 |Calcium NA NA NA NA NA NA
7440-47-3 |Chromium 210 C¥ 43019 2.1 38 276 21
7440-48-4 |Cobalt 140 N* NA 0.17 NA 1180 NA
7440-50-8 |Copper 310 N 14000 560 920 NA NA
7439-89-6 |Iron 5500 N NA NA NA NA NA
7439-92-1 |Lead 400 400 NA 81 NA NA
7439-95-4 |Magnesium NA NA NA NA NA NA
7439-96-5 [Manganese 180 N NA 110 NA 70900 18
7440-02-0 |Nickel 160 N 6900 14 950 NA NA
7440-09-7 |Potassium NA NA NA NA NA NA
7782-49-2 |Selenium 510 N 1700 0.26 5.2 NA NA
7440-22-4 |Silver 510 N 1700 1.6 31 NA NA
7440-23-5 |Sodium NA NA NA NA NA NA
7440-28-0 |Thallium 0.52 N 24 0.056 2.8 NA NA
7440-62-2 |Vanadium 7.8 N NA 260 NA NA NA
7440-66-6 |Zinc 2300 N 100000 680 14000 NA NA




TABLE 4-1

HUMAN HEALTH COPC SCREENING LEVELS
UXO 7 - RFI REPORT

@

Groundwater®

Groundwater®

Residential®

NSWC CRANE
PAGE 2 OF 2
IDEM USEPA SSLs for IDEM Criteria USEPA SSLs for | USEPA SSLs for
CAS Numb Chemical U. S. EPA Region 9| Residential Migration from Migration from Migration from Migration from
umber emica PRG (Residential)®| Soil Criteria Soil to Soil to Soil to Air Soil to Air

Construction®

Field XRF (mg/kqg)

[ 7439-92-1 |Lead

400

400

NA

81

NA

NA

Footnotes

1 - U.S. EPA Region 9 Preliminary Remediation Goal (PRG). The non-carcinogenic values (denoted with a "N" flag) are the PRG divided by 10 to
correspond to a target hazard quotient of 0.1. Carcinogenic values represent an incremental cancer risk of 1.0E-06 (carcinogens denoted with a "C" flag).
(U.S. EPA Region 9, 2004).

2 - Indiana Department of Environmental Management (IDEM), Risk Integrated System of Closure (RISC) residential closure levels for soil (January 2006).

3 - U.S. EPA Soil Screening Levels (SSLs). U.S. EPA Internet Site at http://risk.Isd.ornl.gov/calc_start.htm (soil to air SSLs for non-carcinogens are divided by 10).
The migration to groundwater value represents a dilution attenuation factor (DAF) of 1.

4 - Indiana Department of Environmental Management (IDEM), Risk Integrated System of Closure (RISC) residential closure levels for soil (2006).

5 - U.S. EPA soil screening levels (SSLs) for the inhalation of volatiles and fugitive dusts for construction workers calculated based on methodology from
U.S. EPA's Soil Screening Guidance (1996 and 2002).

6 - The value for naphthalene was used as a surrogate for 2-methylnaphthalene.

7 - The value for acenaphthene was used as a surrogate for acenaphthylene.

8 - The value for pyrene is used as a surrogate for benzo(g,h,i)perylene and phenanthrene.

9 - The PRG for residential land use for total chromium is presented.

10 - Value is for hexavalent chromium.

11 - One-tenth of the non-carcinogenic PRG is less than the carcinogenic PRG; therefore, the one-tenth of the noncarcinogenic PRG is presented.

Definitions:
C = Carcinogen

COPC = Chemical of potential concern

J = Estimated value

N = Non-carcinogen

NA = Not applicable/not available

PRG = Preliminary Remediation Goal
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X75B8178

inorganics (mg/kg)

ALUMINUM
ANTIMCNY
ARSENIC
CADMIUM
CHROMIUM
COBALT
IRON
LEAD
MANGANESE
THALLIUM
VANADIUM

X7SB045

Inorganics (mg/kg)

ALUMINUM
ANTIMONY
ARSENIC
CADMIUM
CHROMIUM
COBALT
COPPER
IRON
LEAD
MANGANESE
THALLIUM
VANADIUM
ZINC

X7sB177

Inorganics (mg/kg)

ALUMINUM
ANTIMONY
ARSENIC
CADMIUM
CHROMIUM
COBALT
COPPER
IRON
LEAD
MANGANESE
THALLIUM
VANADIUM
ZINC

Legend

X75B055
Inorganics (mg/kg)
ALUMINUM
ANTIMONY
ARSENIC
CADMIUM
COBALT
COPPER
IRON

LEAD
MANGANESE
SELENIUM
THALLIUM
VANADIUM
ZINC

X7SB175

Inorganics (mg/kg)

ALUMINUM HH
ANTIMONY : HH, ECO
ARSENIC ; HH
CADMIUM ECO
COBALT 5 ECO
COPPER g ECO
IRON HH
LEAD ECO
MANGANESE HH, ECO
SELENTUM ECO
THALLIUM ECO
VANADIUM HH, ECO
2INC

X75B179
Inorganics (mg/kg
ALUMINUM
ANTIMONY
ARSENIC
CADMIUM
CHROMIUM
COBALT
COPPER
IRON

LEAD
MANGANESE
THALLIUM
VANADIUM

X758044

Inorganics (mg/kg)
ALUMINUM

ANTIMONY

ARSENIC

X75B182
Inorganics (mg/kg
ALUMINUM
ANTIMONY
ARSENIC
CADMIUM
CHROMIUM
COBALT
COPPER
IRON

LEAD
MANGANESE
THALLIUM
VANADIUM
2INC

X7SB181
Inorganics (mg/kg)
ALUMINUM
ANTIMONY
ARSENIC
CADMIUM
CHROMIUM
COPPER
1KON

LEAD
MANGANESE
THALLIUM
VANADIUM
ZINC

X75B184
Inorganics (mg/kg
ALUMINUM
ARSENIC
CADMIUM
COBALT
COPPER
IRON

LEAD
MANGANESE
THALLIUM
VANADIUM
ZINC

X75B127
Inorganics (mg/kg)
ALUMINUM

ANTIMONY

ARSENIC

CADMIUM

COBALT

IRON

LEAD

MANGANESE
THALLIUM

VANADIUM

ZINC

X7sB012
Inorganics (mg/kg)
ALUMINUM
ANTIMONY
ARSENIC
CADMIUM
COPPER
IRON

LEAD
MANGANESE
SELENIUM
THALLIUM
VANADIUM
ZINC

X75B019
Inorganics (mg/kg)
ALUMINUM
ANTIMONY
ARSENIC
CADMIUM
COPPER
IRON

LEAD
MANGANESE
SELENIUM
THALLIUM
VANADIUM
ZINC

X7SB167
Inorganics (mg/kg
ALUMINUM
ANTIMONY
ARSENIC
CADMIUM
CHROMIUM
COBALT
COPPER
IRCN

LEAD
MANGANESE
SELENIUM
THALLIUM
VANADIUM
ZINC

X78B173
Inorganic
ALUMINUM
ANTIMONY
ARSENIC
CADMIUM
COPPER
IRON

LEAD
MANGANESE
SELENIUM
THALLIUM
VANADIUM
2INC

s (mg/kg}

X75B152
Inorganics (mg/kg
ALUMINUM

ANTIMONY

ARSENIC

CADMIUM

COBALT

COPPER

IRON

LEAD

MANGANESE
SELENIUM

THALLIUM

VANADIUM

2INC

@ Exceedance Detected

J Estimated Value

DRAWN BY DATE
J. ENGLISH 07/31/08
CHECKED BY DATE
J. GOERDT 08/25/08

COST/SCHEDULE AREA

| 1 1

SCALE
AS NOTED

INORGANICS
HUMAN HEALTH AND ECOLOGICAL EXCEEDANCES

X7-5B174
Inorganics
ALUMINUM
ANTIMONY
ARSENIC
CADMIUM
COBALT
COPPER
IRON

| LEAD
MANGANESE
SELENIUM
THALLIUM
VANADIUM
ZINC

Retention
Pond

UXO 7 - RFI REPORT
NSWC CRANE
CRANE, INDIANA

(mg/kg)

X75B189
Inorganics
ALUMINUM
ANTIMONY
ARSENIC
CADMIUM
COBALT
COPPER
IRON

LEAD
MANGANESE
VANADIUM
ZINC

X7SB046

(mg/kg)

Inorganics (mg/kg)

ALUMINUM
ANTIMONY
ARSENIC
CADMIUM
COPPER
IRON
LEAD
MANGANESE
THALLIUM
VANADIUM
ZINC

X75B180
Inorganics (mg/kg
ALUMINUM
ANTIMONY
ARSENIC
CADMIUM
CHROMIUM
COBALT
COPPER
TRON

LEAD
MANGANESE
SELENIUM
THALLIUM
VANADIUM
ZINC

X7SB048
Inorganics (mg/kg)
ALUMINUM
ANTIMONY
ARSENIC
CADMIUM
COPPER
IRON
LEAD
MANGANESE
THALLIUM
VANADIUM
ZINC

=

X7SB183
Inorganics (mg/kg)
ALUMINUM
ARSENIC
CADMIUM
CHROMIUM
COBALT
COPPER
IRON

LEAD
MANGANESE
SELENIUM
THALLIUM
VANADIUM
2INC

X7SB03%
Inorganics (mg/kg)
ALUMINUM
ANTIMONY
ARSENIC
CADMIUM
COPPER
IRON

LEAD
MANGANESE
THALLIUM
VANADIUM
ZINC

X75B066
Inorganics (mg/kg)
ALUMINUM

ARSENIC

CADMIUM

IRON

MANGANESE
SELENIUM

THALLIUM

VANADIUM

X75B002
Inorganics (mg/kgq)
ALUMINUM
ARSENIC
CADMIUM

"M coBALT
IRON

ol LEAD

S MANGANESE

M seLEnTUM
TRALLIUM
VANADIUM

X7SB003
inorganics (mg/kg)
ALUMINUM
ANTIMONY
ARSENIC
BARIUM
CADMIUM
CHROMIUM
COBALT
IRON
LEAD
MANGANESE
NICKEL
SELENIUM
THALLIUM
L VANADIUM
ZINC

X!-SB004
Inorganics (mg/kg}
ALUMINUM
ANTIMONY
ARSENIC
BARTUM
CADMIUM
COBALT
COPPER
IRON

LEAD
MANGANESE
THALLIUM

ZINC

X75B148
Inorgamics (mg/kg)
ALUMINUM

ANTIMONY

ARSENIC

CADMIUM

COBALT

IRON

LEAD

MANGANESE
SELENIUM

THALLIUM

VANADIUM

ZINC

200 Feet
CONTRACT NUMBER
CTO 0034
APPROVED BY DATE
APPROVED BY DATE
DRAWING NO REV

FIGURE 4-2 0
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X7SB116

| Semivolatile Organics (ug/kg) ]

|l BEN2O (A) ANTHRACENE 640 . X7SBO75
BENZO (A) PYRENE 890 J ) =+ Semivolatile Organics {ug/kg)
BENZO (B) FLUORANTHENE 1400 J — S BENZO (A) PYRENE 170
DIBENZO (A, H) ANTHRACENE €69 J F h BENZO (B) FLUCRANTHENE 230
INDENO(1,2,3-CD) PYRENE 330 HH O | DIBENZO (A, H) ANTHRACENE 18
PYRENE 1200 = .

X7SB123 o
Semivolatile Organics (ug/kg) - .
BENZO (A) ANTHRACENE 1200 ‘ ) - i@ |
BENZO (A) PYRENE 1600 Y . . = . ;
BENZO (3) FLUORANTHENE 2700 : _ 100_YagiFiring Position o i X75B071
- . £
1

CHRYSENE 1500 Semivolatile Organics {(ug/kg)
DIBENZO (A, H) ANTHRACENE 150 S’ . | BENZO (A) PYRENE 17

INDENO (1,2, 3-CD} PYRENE 670 ’ kel 4
PYRENE 2700 p -

) ; o A 4
X75B129%
Semivolatile Organics (ug/kg)
BENZO (A) PYRENE 88

X7SB121 West Trap Range _ Main Targets and N,
BENZO (A) ANTHRACENE

BENZO (G, H, I) PERYLENE 2900 J

DIBENZO (A, H)ANTHRACENE 970 J

Semivolatile Organics (ug/kg) i ‘ N - Barricade f X
6400 L Retention
BENZO (A) PYRENE 8100 J .~ e P d
BENZO (B) FLUORANTHENE 12000 J - on a 3
BENZO (K} FLUORANTHENE 4700 J
| CHRYSENE 7400
INDENO (1,2, 3~-CD)PYRENE 2900 J
E 14000

@ Exceedance Detected

J Estimated Value 200 Feet
DRAWN BY DATE CONTRACT NUMBER
J. ENGLISH 07/31/08 SEMIVOLATILE ORGANICS — CTO 0034 —
CHEGKED BY LA HUMAN HEALTH AND ECOLOGICAL EXCEEDANCES
J. GOERDT 08/25/08 — —
COST/SCHEDULE-AREA UXO 7 - RFI REPORT APPROVED BY DATE
i | I NSWC CRANE L _
SCALE CRANE, INDIANA DRAWING NO REV
AS NOTED FIGURE 4-3 0
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5.0 CHEMICAL FATE AND TRANSPORT ANALYSIS

Knowledge of a contaminant's potential to migrate and persist in an environmental medium is critical
when evaluating the potential for a chemical to elicit an adverse human health or ecological effect. This
section contains information on various aspects of contaminant fate and transport and the chemical

properties affecting contaminant migration at UXO 7.

The history of UXO 7 indicates that contamination at the site occurred via release of lead from the
deposition of lead shot from the Old Pistol Range, ORR, and East and West Trap Ranges, and PAHs
from the East and West Trap Ranges, and that the contamination was dispersed over large areas. The
majority of contamination is expected to exist in the top 6 inches of soil. This section evaluates the
potential for contaminants to migrate from surface soil to other environmental media at the site, namely to
air, subsurface soil, and groundwater. As indicated in Section 4.0, the contaminants detected at UXO 7
were PAHs and metals. Section 5.1 contains a general discussion of the various chemical and physical
properties of these contaminants, Section 5.2 reviews the various contaminant transport pathways,
Section 5.3 presents a brief discussion of contaminant persistence, and Section 5.4 presents a summary

of contaminant migration.

5.1 CHEMICAL AND PHYSICAL PROPERTIES IMPACTING FATE AND TRANSPORT

Table 5-1 presents the physical and chemical properties of the organic compounds detected at UXO 7.
Environmental fate and transport characteristics of inorganics detected at UXO 7 are provided in
Table 5-2. These properties can be used to determine the environmental mobility and fate of site

contaminants, and include the following:

e Specific gravity

e Vapor pressure

e Water solubility

e Octanol/water partition coefficient (Kow)
e Organic carbon partition coefficient (K,c)
e Henry's Law constant

o Distribution coefficient (Ky)

e Plant uptake

e Biodegradation

e Mobility index (M)

080806/P 5-1 CTO F272
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Empirically determined literature values of water solubility, Koy, Ko, vapor pressure, Henry's Law
constant, bioconcentration factor, and specific gravity are presented in Table 5-1, when available.
Calculated values, which were obtained using approximation methods, are presented when literature
values are not available. A discussion of the environmental significance of each of these parameters

follows.

5.1.1 Specific Gravity

Specific gravity is the ratio of the weight of a given volume of pure chemical at a specified temperature to
the weight of the same volume of water at a given temperature. Its primary use is to determine whether a
chemical will have a tendency to float or sink in water if it is present as a pure chemical or at very high
concentrations. Chemicals with specific gravities greater than 1 will tend to sink, and chemicals with
specific gravities less than 1 will tend to float. As shown in Table 5-1, the specific gravity of the PAHs
detected at UXO 7 are greater than 1.

5.1.2 Vapor Pressure

Vapor pressure provides an indication of the rate at which a chemical volatilizes from both soil and water.
It is of primary importance at environmental interfaces such as surface soil/air and surface water/air.
Volatilization is not as important when evaluating contaminated groundwater and subsurface soil that are
not exposed to the atmosphere. Volatilization is not significant for PAHs and metals; therefore,

volatilization from surface soil is not an important loss mechanism for UXO 7.

513 Water Solubility

The rate at which a chemical is leached from a waste deposit by infiltrating precipitation is proportional to
its water solubility. More soluble chemicals are more readily leached than less soluble chemicals. The
water solubilities presented in Table 5-1 indicate that the solubilities of PAHs are low (e.g., several orders
of magnitude less than compounds such as volatiles), and therefore PAHs do not tend to readily dissolve

in water or leach from soil.

The solubility of inorganics is strongly influenced by their valence state(s) and forms (hydroxides, oxides,
carbonates, etc.). Solubility is also dependent on pH, Eh (redox potential), temperature, and other ionic
species in solution (the Debye-Huckel theory). The solubility products reported in the literature vary with

the type of complex formed, but generally it can be noted that, for example, cadmium and copper
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complexes are more soluble than lead and nickel complexes. As shown in Table 5-2, under typical

environmental conditions, lead is not soluble in water and therefore is not readily leached from soil.

5.1.4 Octanol/Water Partition Coefficient

Kow IS @ measure of the equilibrium partitioning of chemicals between octanol and water. A linear
relationship between the K., and the uptake of chemicals by fatty tissues of animal and human receptors
(the bioconcentration factor) has been established. K., is also useful in characterizing the sorption of
compounds by organic soils where experimental values are not available. PAHs are several orders of
magnitude more likely to partition to fatty tissues than more soluble chemicals such as volatile organic

compounds (VOCs). K, is also used to estimate bioconcentration factors in aquatic organisms.

5.1.5 Organic Carbon Partition Coefficient

Koc indicates the tendency of a chemical to adhere to soil particles containing organic carbon. Chemicals
with high Ks generally have low water solubilities and vice versa. This parameter may be used to infer
the relative rates at which chemicals are transported in groundwater. Chemicals such as PAHs are
relatively immobile in the soil and are preferentially bound to soil. These compounds are not subject to
groundwater transport to the extent that compounds with higher water solubilities are. However, these
immobile chemicals are easily transported by erosional processes (e.g., on particulate matter) when they

are present in surface sails.

5.1.6 Henry's Law Constant

Both vapor pressure and water solubility are of use in determining volatilization rates from surface water
bodies and from groundwater. The ratio of these two parameters (the Henry's Law constant) is used to
calculate the equilibrium chemical concentrations in the vapor (air) phase versus the liquid (water) phase
for the dilute solutions commonly encountered in environmental settings. In general, chemicals having a
Henry's Law constant of less than 1 x 10”° atm-m®mole, such as PAHs, should volatilize very little and be
present only in minute amounts in the atmosphere or soil gas. For chemicals with a Henry's Law constant
greater than 5x10° atm-m*/mole, such as many of the VOCs, volatilization and diffusion in soil gas could

be significant.

5.1.7 Distribution Coefficient

Kq is a measure of the equilibrium distribution of a chemical or ion in soil/water systems. The distribution

of organic chemicals is a function of both the K, and the amount of organic carbon in the soil. For ions
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(e.g., metals), Ky is the ratio of the concentration adsorbed on soil surfaces to the concentration in water.
Distribution coefficients for metals vary over several orders of magnitude because K, is dependent on the
size and charge of the ion and the soil properties governing exchange sites on soil surfaces. Coulomb's
Law predicts that the ion with the smallest hydrated radius and the largest charge will be preferentially

accumulated over ions with larger radii and smaller charges.

5.1.8 Plant Uptake

The degree to which plants assimilate PAHs from soils is unclear. For higher molecular weight PAHSs, this
mechanism is more likely, if only because the lower molecular weight PAHs tend to degrade or migrate
away from plants more quickly than the higher molecular weight compounds. Plants do not appear to
bioconcentrate or biomagnify PAHSs significantly. Metabolism of PAHs by plants is evidently limited, with
transpiration of PAHs through foliage to the atmosphere being one of the more important mechanisms for

loss of PAHs from plants.

5.1.9 Biodegradation

A review of the literature indicates that degradation half-lives for PAHs are on the order of 2 to 10 years.
Metals do not degrade at all. Hence, it is probable that the total mass of these constituents in surface soil
at UXO 7 will remain relatively stable over time and will not decline as a result of degradation (chemical or
biological).

5.1.10 Mobility Index

Ml is a quantitative assessment of mobility that uses water solubility (S), vapor pressure (VP), and Ky as

follows:

Ml = log ((S*VP)/Kqc)

The following scale is used to evaluate MI:

Relative MI Mobility Description
>5 extremely mobile
Oto5 very mobile

-5t00 slightly mobile
-10to -5 immobile

<-10 very immobile
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The PAHSs detected at UXO 7 typically have Mls less than -5 and are not considered to be very mobile in

the environment. Lighter molecular weight PAHs, such as acenaphthene, have Mls ranging from -5 to 0

and are considered slightly mobile, and the heavier molecular weight PAHs [e.g., benzo(a)pyrene] are

classified as very immobile, having Mls less than -10. The Mils for the PAHs detected is surface soil at
UXO 7 are presented in Table 5.1.

5.2

CONTAMINANT TRANSPORT PATHWAYS

This section presents a brief overview of contaminant fate and transport issues at UXO 7. Based on the

evaluation of existing conditions at UXO 7, the following potential contaminant transport pathways have

been identified:

5.3

Transport of chemicals deposited in surface soil via infiltration, percolation, and migration to
subsurface soil and the shallow groundwater aquifer. Based on the nature of the chemicals detected

at UXO 7 (limited mobility in soil), risks for this exposure pathway are expected to be minimal.

Migration of fugitive dusts and particulates from surface soil. However, because the site is grass

covered, emission of dusts into air is likely to be minimal.

Erosion and runoff of contaminated particles from soil and subsequent deposition in surface water
bodies. Chemicals adhering to particulate matter in soil (or sediment) may migrate by erosional
processes, such as rainwater runoff, to drainage ditches or streams adjoining UXO 7. This is a
potentially important migration mechanism for environmentally immobile chemicals (e.g., PAHs and
metals) that tend to bind to soil. The contaminated soil particles may be moved by runoff or the
intermittent flow in drainage ditches and be deposited in nearby streams. However, as discussed in
Section 6.2.1, previous investigations have indicated that the primary COCs at UXO 7 (i.e., lead and
PAHSs) did not appear to be migrating off site to the sediments of Turkey Creek, and it was concluded

that no further investigation of surface water and sediment at UXO 7 was necessary.

CHEMICAL PERSISTENCE

The persistence of the various classes of chemicals detected at UXO 7 is discussed in this section.

Several transformation mechanisms affect chemical persistence, such as hydrolysis, biodegradation,

photolysis, and oxidation/reduction reactions.
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53.1 PAHs

PAHSs have very low solubilities, vapor pressures, and Henry's Law constants and high K,.s and Ky,s. As
discussed in Section 5.1.10, the lower molecular weight PAHs (e.g., acenaphthene, anthracene, fluorene,
phenanthrene) are more environmentally mobile than the higher molecular weight PAHs and are more
likely to leach to groundwater. The high molecular weight PAHs [e.g., benzo(a)pyrene,
benz(a)anthracene, chrysene, etc.] are less mobile and tend to adhere to soil particles. Therefore, PAHs
in soil are much more likely to bind to soil and be transported via mass transport mechanisms than to go
into solution. PAHs are subject to degradation via aerobic bacteria but may be relatively persistent in the

absence of microbial population or macronutrients such as phosphorus and nitrogen.

5.3.2 Metals

Metals are highly persistent environmental contaminants. They do not biodegrade, photolyze, hydrolyze,
etc. The major fate mechanisms for metals are adsorption to the soil matrix (compared to being part of

the soil structure) and bioaccumulation.

The mobility of metals is influenced primarily by their physical and chemical properties, in combination
with the physical and chemical characteristics of the soil matrix. Factors that assist in predicting the
mobility of inorganic species are soil/pore water pH, soil/pore water Eh, and cation exchange capacity.
The mobility of metals generally increases with decreasing soil pH and cation exchange capacity
(Table 5-2).

54 CONTAMINANT FATE AND TRANSPORT

This discussion focuses on the major types of contaminants found in surface soil at UXO 7.

54.1 PAHs

PAHs are generally considered to be fairly immobile chemicals in the environment. They are large
molecules with high K,.s and low solubilities compared to the volatile organics. These compounds, when
found in soil, generally do not migrate vertically to a great extent. Instead, they are more likely to adhere

to soil particles and be removed from the site via surface runoff and erosional processes.

080806/P 5-6 CTO F272



NSWC Crane

UXO 7 - RFI Report
Revision: 0

Date: July 2009
Section: 5

Page 7 of 8

5.4.2 Metals

The primary COC of the metals found at the small arms/skeet ranges is lead. Elemental lead from
fragmented bullets and shot can be transported as a particulate by the action of surface water,
groundwater, and wind. Typically, the greatest lead concentrations are measured near impact sources
(impact and lateral berms and shotfall zones). The action of water and wind could distribute lead

particulates and lead-enriched soil down slope or along the prevailing wind direction.

When bullet fragments and shot are exposed to the atmosphere and precipitation, elemental lead will
tend to oxidize (or corrode) over time. Oxidation products consist primarily of lead hydroxide and lead
carbonate. As pure solids, these oxidized compounds are nearly insoluble; however, physical abrasion of
lead-rich metal fragments during erosion will release the oxidation products as dust into the environment

and create particles yielding a larger surface area prone to breakdown and leaching.

The major reaction classes that govern lead transport and fate are as follows:

e Dissolution-precipitation as a function of pH
o Dissolution-precipitation as a function of redox environment

e Sorption-desorption reactions

The extent to which these reactions occur depends somewhat on site conditions such as soil

composition, extent of soil saturation, and soil organic content.

Lead compounds show the greatest aqueous solubility at the acidic (pH less than 4) and alkaline (pH
greater than 11) ranges. Under acidic conditions, elemental lead will dissolve, releasing a hydrated
cation Pb*. Under alkaline conditions, elemental lead will dissolve, theoretically forming the dissolved
hydroxide complex Pb(OH)? - and ion-pair Pb(OH)* (aqueous). Lead in water and soil with high carbonate
alkalinity form the dissolved ion-pair PbCO3 (aqueous). The scenario of lead transport as a dissolved
hydroxide or carbonate ion occurs most frequently in contaminated calcic soils, carbonate sediments, or

aqueous environments characterized by high dissolved carbon dioxide gas concentration.

When lead exists in a dissolved state, it can sorb to charged clay particle surfaces. In most natural
sedimentary environments, clays carry a net negative surface charge. In a solution having neutral pH,
dissolved cations are sorbed preferentially. Therefore, when dissolved lead exists as Pb* in dilute
solution, transport can be attenuated by sorption to clays. These conditions occur in anoxic subsurface

environments characterized by neutral to acidic pH, low dissolved solids concentrations, and low
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carbonate alkalinity. In contrast, when dissolved lead exists preferentially as an uncharged ion pair or
negatively charged hydroxyl complex, transport can be enhanced because sorption is negligible (due to
the presence of two negatively charged surfaces). These conditions can occur over a range of redox

conditions but require alkaline pH, high total dissolved solids or carbonate alkalinity.
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TABLE 5-1

ENVIRONMENTAL FATE AND TRANSPORT PARAMETERS FOR ORGANIC CHEMICALS

UXO 7 - RFI REPORT
NWSC CRANE
CRANE, INDIANA

Chemical Specific Gravity Vapor Pressure Solubility Octanol/Water Organic Carbon Henry's Law Constant | Bioconcentration Factor Mobility Index
(@ 20/4°C)® | (mm Hg @ 20-25°C)® | (mg/L @ 20-25°C)® | Partition Coefficient® | Partition Coefficient® (atm-m*mole)® (mg/L/mg/kg)® log((solubility*VP)/K,)

Polynuclear Aromatic Hydrocarbons

2-Methylnaphthalene 1.0058 5.50E-02 2.46E+01@ 7.24E+03%® 2.98E+03® 5.18E-04 1.96+02® -3.34E+00
Acenaphthene 1.07 5.0E-03Y 4.24E+00 8.32E+03 7.08E+03 1.55E-04 1.10E+03 -3.52E+00
Acenaphthylene 1.02 9.12E-04 1.61E+01@ 1.17E+04%Y 2.00E+03 1.14E-04% 3.80E+02 -5.13E+00
Anthracene 1.78% 2.67E-06 4.34E-02 2.82E+04® 2.95E+04 6.51E-05 5.3E+02© -1.14E+01
Benzo(a)anthracene 1.274 5.0E-09% 9.40E-03 5.01E+05 3.98E+05 3.35E-06 5.30E+04 -1.59E+01
Benzo(a)pyrene 1.351 5.0E-09% 1.62E-03 1.29E+06 1.02E+06 1.13E-06 1.40E+05 -1.71E+01
Benzo(b)fluoranthene NA 5.0E-07Y 1.50E-03 1.58E+06 1.23E+06 1.11E-04 1.40E+05 -1.52E+01
Benzo(g,h,iperylene NA 1.0E-10% 2.6E-04? 1.7E+07% 1.60E+06 2.66E-07? 3.50E+05 -1.98E+01
Benzo(K)fluoranthene NA 9.6E-11% 8.00E-04 1.58E+06 1.23E+06 8.29E-07 1.40E+05 -1.92E+01
Chrysene 1.274® 6.3E-09® 1.60E-03 5.01E+05 3.98E+05 9.46E-05 5.30E+04 -1.66E+01
Dibenzo(a,h)anthracene 1.282 1.4E-11© 2.49E-03 4.90E+06 3.80E+06 1.47E-08 6.90E+05 -2.00E+01
Fluoranthene 1.252 9.2E-06 2.06E-01 1.32E+05 1.07E+05 1.61E-05 1.20E+04 -1.08E+01
Fluorene 1.202 3.20E-04 1.98E+00 1.62E+04 1.38E+04 6.36E-05 3.80E+03 -7.34E+00
Indeno(1,2,3-cd)pyrene NA 1.25E-10© 2.20E-05 4.47E+06 3.47E+06 1.60E-06 3.50E+05 -2.11E+01
Phenanthrene 0.98% 1.12E-04® 6.0E-01@ 3.72E+04® 2.08E+04® 4.22E-05® 5.4E+02© -8.49E+00
Pyrene 1.271%) 8.92E-05 1.35E-01 1.29E+05 1.05E+05 1.10E-05 1.20E+04 -9.94E+00

NA - Not available.

1- U.S. EPA, Handbook of RCRA Groundwater Monitoring Constituents: Chemical and Physical Properties (September 1992).
2 - TOXNET (Hazardous Substance Data Bank) (http://toxnet.nlm.nih.gov, July 2006).

3 - U.S. EPA, Soil Screening Guidance (July 1996 and December 2002).

4 - U.S. EPA, Aquatic Fate Process Data for Organic Priority Pollutants (December 1982).
5 - U.S. EPA, Superfund Chemical Data Matrix (http://www.epa.gov/superfund/sites/npl/hrsres/tools/scdm.htm, July 2006).
6 - Risk Assessment information System (http://risk.Isd.ornl.gov, July 2006).




TABLE 5-2

RELATIVE MOBILITIES OF INORGANICS AS A FUNCTION OF
ENVIRONMENTAL CONDITIONS (Eh, pH)
UXO 7 - RFI REPORT
NWSC CRANE
CRANE, INDIANA

Environmental Conditions
Relative Mobility
Oxidizing Acidic Neutral/Alkaline Reducing
Very High Se
. Sh, Se, Zn, Cu,
High Sh, Se, Zn Ni, Hg.Ag
. Cu, Ni, Hg, Ag,
Medium As, Cd As, Cd As, Cd
Low Pb, Ba, Sh, Se Pb, Ba, Be Pb, Ba, Be
. | Cr, Sb, Se, Zn,
Very Low Fe, Cr Cr cr, ZHn, CAU’ NI Cu, Ni, Hg, Pb,
979 Ba, Be, Ag
As = Arsenic Fe =1Iron
Ag = Silver Hg = Mercury
Ba = Barium Ni = Nickel
Be = Beryllium Pb = Lead
Cd = Cadmium Sbh = Antimony
Cr = Chromium Se = Selenium
Cu = Copper Zn =Zinc

Source: Swartzbaugh, J., et al. "Remediating Sites Contaminated with Heavy Metals,
Parts I, Il, and IIl," Hazardous Materials Control, November/December 1992.
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6.0 HUMAN HEALTH RISK ASSESSMENT

This section presents the HHRA for UXO 7 at NSWC Crane. The objective of the HHRA was to
determine whether detected concentrations of chemicals within the study area pose a significant threat to
potential human receptors under current and/or future land use. The potential risks to human receptors

were based on the assumption that no actions were taken to control contaminant releases.

6.1 INTRODUCTION

The following current U.S. EPA, Indiana Department of Environmental Management (IDEM) and United
States Navy risk assessment guidance documents were used to develop the framework for the baseline
HHRA:

Risk Assessment Guidance for Superfund: Volume I, Human Health Evaluation Manual (Part A)
(U.S. EPA, 1989).

e Human Health Evaluation Manual, Supplemental Guidance: Standard Default Exposure Factors
(U.S. EPA, 1991).

e Distribution of Preliminary Review Draft: Superfund’'s Standard Default Exposure Factors for the
Central Tendency and Reasonable Maximum Exposure (U.S. EPA, 1993a).

e Soil Screening Guidance: Technical Background Document (U.S. EPA, 1996).

e Exposure Factors Handbook. Office of Health and Environmental Assessment (U.S. EPA, 1997a).

e Risk Assessment Guidance for Superfund: Volume 1 - Human Health Evaluation Manual (Part D,

Standardized Planning, Reporting, and Review of Superfund Risk Assessments) (U.S. EPA, 2001).

e Risk Assessment Guidance for Superfund, Volume I: Human Health Evaluation Manual (Part E,

Supplemental Guidance for Dermal Risk Assessment), Final Guidance (U.S. EPA, 2004a).

e Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites. (U.S. EPA 2002a).
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o Navy Final Policy on the Use of Background Chemical Levels (Navy, 2004).

e Conducting Human Health Risk Assessments under the Environmental Restoration Program (Navy,
2001).

e Risk Integrated System of Closure. User's Guide and Technical Resource Guidance Document
(IDEM, 2004).

This HHRA was prepared using essentially the same methodology used to prepare the HHRAs for SWMU
12 (TtNUS, 2006), SWMU 13 (TtNUS, 2005a), and SWMU 16 (TtNUS, 2005b).

An HHRA consists of five components: data evaluation, exposure assessment, toxicity assessment, risk
characterization, and uncertainty analysis. Sections 6.2 through 6.6 contain detailed discussions of the

five components of the HHRA.

Three major aspects of chemical contamination and environmental fate and transport must be considered
to evaluate potential risks: (1) contaminants with toxic characteristics must be found in environmental
media and must be released by either natural processes or by human action; (2) potential exposure
points must exist; and (3) human receptors must be present at the point of exposure. Risk is a function of
both toxicity and exposure. If any one of these factors is absent for a site, the exposure route is regarded
as incomplete, and no potential risks are considered to exist for human receptors.

6.2 DATA EVALUATION

Data evaluation, the first component of a baseline HHRA, is a medium-specific task involving the
compilation and evaluation of analytical data. The main objective of the data evaluation is to develop a
medium-specific list of chemicals of potential concern (COPCs) that will be used to quantitatively
determine potential human health risks for site media.

6.2.1 Data Usability

Data from surface soil samples (0 to 2 feet bgs) collected during the October 2007 field investigation were
used to assess risks to potential human receptors. All samples were analyzed in the field for lead utilizing
a portable XRF analyzer. A subset of the samples was selected for fixed-base laboratory analysis for
PAHs and metals. The data were validated according to U.S. EPA National Validation Functional

Guidelines for Organic Data Review (1999), the Laboratory and Data Validation Functional Guidelines for
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Evaluation of Inorganic Analysis (1994), and TtNUS SOPs. Only fixed-base analytical results from the
field investigations were used in the quantitative risk evaluation. All detected concentrations with "J"
qualifiers are considered positive detections and were used in the risk evaluation. XRF data and field
measurements were not used in the quantitative risk assessment. The uncertainty associated with

omission of the XRF data from the quantitative risk assessment is discussed in Section 6.6.1.

A data quality report is included in Section 3.0 that provides information on precision, accuracy,

representativeness, completeness, and comparability of the analytical data.

Surface water, sediment, and groundwater were not evaluated in the HHRA. Previous investigations
(TINUS, 1999 and 2007) indicated that the primary chemicals of concern at UXO 7 (i.e., lead and PAHS)
did not appear to be migrating off site to the sediments of Turkey Creek. It was concluded that no further
investigation of surface water and sediment at UXO 7 was necessary. Therefore, risks to potential
human receptors from concentrations of chemicals in surface water and sediment were not evaluated in
this HHRA because additional surface water and sediment samples were not collected as part of this RFI.
Groundwater is not considered a medium of concern at UXO 7 because contamination occurred in

surface soil (via deposition), and groundwater samples were not collected as part of the RFI.

6.2.2 Selection of Chemicals of Potential Concern

COPCs are the target analytes detected in environmental media and that are selected for further
evaluation in a risk assessment. COPCs are selected on the basis of comparison to available screening
concentrations; generally, a chemical is designated as a COPC if it is detected at least once at
concentrations greater than the limit of detection for that chemical and its maximum concentration
exceeds a screening concentration. Chemicals eliminated from further evaluation during this screening
are assumed to present minimal risks to potential human receptors. COPC selection for UXO 7 is

presented in Tables 6-1 and 6-2.

6.2.2.1 Derivation of Screening Criteria

Screening levels used to identify COPCs for UXO 7 were based on U.S. EPA Region 9 Preliminary
Remediation Goals (PRGs) (2004) and IDEM Risk Integrated System of Closure (RISC) default closure
levels (2006), as well as other U.S. EPA criteria [e.g., U.S. EPA “migration to groundwater”
(i.e., leaching)] SSLs. The risk-based U.S. EPA Region 9 screening concentrations correspond to a
Hazard Quotient (HQ) of 0.1 (for noncarcinogens) or an Incremental Lifetime Cancer Risk (ILCR) of

1x10° (for carcinogens). The U.S. EPA Region 9 PRGs for non-carcinogens are based on a Hazardous
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Index (HI) of 1. The Region 9 PRG values for non-carcinogens were multiplied by 0.1 to account for
potential cumulative effects of several chemicals affecting the same target area or producing the same
adverse non-carcinogenic health effect. Screening concentrations based on the following criteria were

used to select COPCs for surface soil at UXO 7:

U.S. EPA Region 9 PRGs for residential soil (2004).

o |DEM residential default closure levels for direct contact (2006). The IDEM risk-based default closure

levels correspond to a systemic HQ of 1 for non-carcinogens or an ILCR of 1 x 10” for carcinogens.

e U.S.EPA generic residential SSLs for inhalation of volatiles and fugitive dusts calculated online using
methodology from the U.S. EPA’s Soil Screening Guidance (1996 and 2002).

e U.S.EPA SSLs for inhalation of volatiles and fugitive dusts for construction workers calculated based
on methodology from the U.S. EPA’s Soil Screening Guidance (1996 and 2002).

e U.S.EPA generic SSLs for migration from soil to groundwater calculated online based on
methodology from the U.S. EPA's Soil Screening Guidance (1996 and 2002).

e |DEM residential default closure levels for migration from soil to groundwater (2006)

The comparison of site soil data to U.S. EPA generic SSLs for transfers from soil to air was used to
identify whether a quantitative analysis of the inhalation of particulates or vapors from the soil exposure
pathway was warranted. If the maximum soil concentration of a chemical exceeded the SSL, a
guantitative evaluation of potential risks from inhalation was performed, as described in Section 6.3.4.3.
Otherwise, the risks associated with the inhalation pathway are considered insignificant, and the

exposure pathway was eliminated from further evaluation.

U.S. EPA SSLs and IDEM default closure levels for transfers from soil to groundwater were not used to
select COPCs for quantitative risk evaluation but were presented to allow a qualitative evaluation of the
potential for chemical migration from soil to groundwater. Chemicals with concentrations exceeding the
SSLs and IDEM default closure levels may potentially migrate from the soil to groundwater in sufficient

guantities to pose concerns about groundwater quality.
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Lead as a COPC

Limited criteria are available to evaluate the potential risks associated with lead. There are no risk-based
concentrations (RBCs) for this chemical because U.S. EPA has not derived toxicity values [i.e., cancer
slope factors (CSFs) and reference doses (RfDs)] for lead. However, recommended screening levels are

available for lead in soil that are used to indicate the need for response activities.

Guidance from both the Office of Prevention, Pesticides, and Toxic Substances (OPPTS) and the Office
of Solid Waste and Emergency Response (OSWER) recommend 400 mg/kg as the lowest screening level
for lead-contaminated soil in a residential setting where children are frequently present (U.S. EPA, 1994a
and 1994b). The IDEM soil direct contact for residential exposure to soil is also 400 mg/kg. OPPTS
identifies 2,000 to 5,000 mg/kg as an appropriate range for areas where contact with soil by children in a
residential setting is less frequent. Guidance from the U.S EPA Technical Review Workgroup (TRW) for
Lead indicates that “a reasonable screening level for lead in soils at commercial/industrial (i.e., non-
residential) sites is 800 mg/kg” for a typical non-contact intensive worker (2008). The residential

screening values of 400 mg/kg was used as the screening level for soil for UXO 7.

Essential Nutrients and Chemicals without Toxicity Criteria

The essential nutrients calcium, magnesium, potassium, and sodium were not identified as COPCs
because these inorganic chemicals are naturally abundant in environmental matrices and are only toxic at
high doses. In addition, because of the lack of toxicity criteria, risk-based COPC screening levels are not
available for some chemicals [e.g., acenaphthylene, 2-methylnaphthalene, benzo(g,h,i)perylene, and
phenanthrene]. In the COPC screening for UXO 7, acenaphthene was used as a surrogate for
acenaphthylene, naphthalene was used as a surrogate for 2-methylnaphthalene, and pyrene was

selected as a surrogate for benzo(g,h,i)perylene and phenanthrene.

Determination of Site-Related Chemicals

TtNUS issued the Final Basewide Background Soil Investigation Report for the Naval Surface Warfare
Center Crane in January 2001 and established a background database for soil for the entire NSWC
Crane facility (TtNUS, January 2001). The results of that report were intended to support applicable
RCRA Corrective Action requirements and other related environmental investigations conducted at
NSWC Crane. One step typically performed when evaluating the risk of inorganic chemical is a
comparison of the chemical concentrations measured in the soil under investigation to their background
concentrations. This comparison is made because many inorganic chemicals occur naturally in the

environment, so typical background concentrations would be those concentrations of inorganics detected
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in soil that has not been impacted by facility operations. Using this approach, the background inorganic
soil chemistry established for specific soil types or grouped soils in the database can be used to
differentiate site-related contamination from known or suspected SWMUs, Areas of Concern, or other
impacted sites at NSWC Crane from the naturally occurring and anthropogenic concentrations in the soil

prior to U.S. Navy site operations.

The surficial geology map presented in the background soil report (TtNUS, 2001) indicates that the
UXO 7 area contains residual soil derived from Mississippian bedrock/colluvium, primarily the sandstone
member of the Big Clifty Formation (M5). The surficial geology map also indicates that the easternmost
margins of UXO 7 area contain river-deposited alluvium-derived soil along the floodplains of Turkey
Creek.

The soil types mapped in the UXO 7 area have been classified as Wellston silt loam (WeC2), which is
derived from residual soils and colluvium on side slopes and uplands. There are some minor areas on
the margins of the site that are classified as alluvium-derived soils and these are located near creeks in
flood plains zones. In the area near between the 500-yard and 400-yard firing positions, the Burnside
loam (Bu) has been mapped in the northern portion of the site along tributary stream that discharges to
Turkey Creek to the east. Along the eastern portion of the UXO 7 area the Haymond silt loam (Hd) has
been mapped on the floodplains near Turkey Creek. Collectively, these soil types are consistent with Soil
Group 3 (Alluvial, Mississippian, and Pennsylvanian Surface Soil) as described and presented in the
background soil report (TtNUS, January 2001).

The evaluation of chemical concentrations detected in UXO 7 soil in relation to background levels follows
guidance presented in the U.S. EPA’s Role of Background in the CERCLA Cleanup Program (2002).
This guidance document recommends that all chemicals that exceed risk-based screening concentrations
be evaluated in the quantitative risk assessment. Therefore, if the maximum concentration of any
chemical exceeded screening levels (i.e., if it was selected as a COPC), risks were calculated for that
chemical and are presented in Section 6.5. Potential risks attributed to background levels are discussed
in Sections 6.5 and 6.6.

6.2.2.2 Decision Rules for Establishing COPCs

The following decision rules were used to select initial lists of COPCs for UXO 7:

e A chemical detected in soil was selected as a COPC for solil if any detected chemical concentration

exceeded the screening level for soil.
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e Chemicals that exceeded toxicity screening concentrations but were within background levels were
selected as COPCs and carried through the quantitative risk assessment. The potential risks

associated with chemicals present at naturally occurring levels are discussed in Sections 6.5 and 6.6.

6.2.3 COPCs Selected for HHRA

COPCs for UXO 7 were selected for surface soil using the COPC screening levels described in Section
6.2.2.1. A discussion of the chemicals identified as COPCs and the rationale for COPC selection are
provided in the following section. A discussion of nature and extent of contamination associated with the
chemicals detected in surface soil is presented in Section 4.0. COPC selection results are presented in
Tables 6-1 and 6-2. Chemicals retained as COPCs for UXO 7 are presented in Table 6-3. The Risk
Assessment Guidance for Superfund (RAGS) Part D tables for COPC selection are included in
Appendix E.

Sixteen PAHs and 22 metals were detected in surface soil samples collected at UXO 7. A comparison of
maximum detected surface soil concentrations to screening levels based on the U.S. EPA Region 9
PRGs for residential exposure and IDEM residential default closure levels for direct contact is presented
in Table 6-1. The following chemicals were detected in surface soil at maximum concentrations
exceeding the direct contact risk-based COPC screening levels and were retained as COPCs for

guantitative risk evaluation:

e PAHs - benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene,

dibenzo(a,h)anthracene, and indeno(1,2,3-cd)pyrene

e Inorganics - aluminum, antimony, arsenic, barium, copper, iron, lead, manganese, thallium, and

vanadium

The maximum detected concentrations of aluminum, barium, copper, manganese, and thallium exceeded
the screening levels (set at an HI of 0.1). However, they do not exceed U.S. EPA Region 9 PRGs and
IDEM default closure levels for direct contact with soil. The maximum concentrations of
benzo(k)fluoranthene, indeno(1,2,3-cd)pyrene, and antimony exceeded the screening levels based on
U.S. EPA Region 9 PRGs, however the peak concentrations for these analytes were also below the IDEM
residential direct contact soil criteria levels. As shown in Table 6-1, the concentrations of barium,
manganese, and thallium were determined to be within facility background levels and are not considered

to be related to past activities at the site.
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A comparison of maximum detected surface soil concentrations to U.S. EPA SSLs for chemical migration
from soil to air is presented in Table 6-2. As shown in the table, maximum concentrations of all chemicals
were less than U.S. EPA inhalation SSLs for residential exposures. However, maximum concentrations
of barium, chromium, and manganese exceeded inhalation SSLs for construction workers. Therefore,
exposures through inhalation of fugitive dust emissions from soil were quantitatively evaluated for
exposure of construction workers for these metals. The maximum concentration of barium exceeded the
screening level (set at an HI of 0.1) but did not exceed the SSL based on an HI of 1. As shown in Table
6-2, barium and manganese concentrations were determined to be within background levels. The
uncertainty associated with the inclusion of barium and manganese in the quantitative risk assessment is

discussed in Section 6.6.1.

Comparison of maximum detected surface soil concentrations to U.S. EPA SSLs for chemical migration
from soil to groundwater and/or IDEM default closure levels for migration to groundwater are presented in
Table 6-2. The following constituents were detected at maximum concentrations in surface soil that
exceeded the COPC screening levels for migration from soil to groundwater and were retained as COPCs
for surface soil:

e PAHSs - benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene, chrysene,

fluoranthene, and indeno(1,2,3-cd)pyrene

e |norganics - antimony, arsenic, barium, cadmium, chromium, cobalt, lead, manganese, nickel,

selenium, and thallium

The concentrations of the above-listed PAHs exceeded U.S. EPA screening levels (based on a
conservative Dilution and Attenuation Factor [DAF] of 1) for migration from soil to groundwater but were
less than IDEM default closure levels and U.S. EPA screening levels based on a DAF of 20 (which is
recommended in the U.S. EPA Soil Screening Guidance). As shown in Table 6-2, concentrations of
barium, cadmium, cobalt, manganese, and thallium were determined to be within facility background
levels.

6.3 EXPOSURE ASSESSMENT

This portion of the risk assessment defines and evaluates, quantitatively or qualitatively, the type and
magnitude of human exposure to the chemicals present at or migrating from a site. The exposure

assessment is designed to depict the physical setting of the site, to identify potentially exposed
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populations and applicable exposure pathways, to calculate concentrations of COPCs to which receptors

might be exposed, and to estimate chemical intakes under the identified exposure scenarios.

Actual or potential exposures at UXO 7 were determined based on the most likely pathways of
contaminant release and transport, as well as human activity patterns. A complete exposure pathway
has three components: a source of chemicals that can be released to the environment, a route of
contaminant transport through an environmental medium, and an exposure or contact point for a human

receptor.

6.3.1 Conceptual Site Model

The development of a conceptual site model (CSM) is an essential component of the exposure
assessment. The CSM integrates information regarding the physical characteristics of the site, exposed
populations, sources of contamination, and contaminant mobility (fate and transport) to identify potential
exposure routes and receptors to be evaluated in the risk assessment. The degree of risk incurred by a
potential receptor varies according to the means of exposure, the duration of exposure, and the specific
chemical to which the receptor is exposed. An exposure, however long in duration, does not necessarily
result in an “unacceptable” health or environmental risk, although risks generally increase with increased
frequency and/or duration of exposure. A well-developed CSM will allow for a better understanding of the
risks at a site and will aid risk managers in the identification of the potential need for remediation. The
site-specific CSM for UXO 7 is presented in this section and illustrated in Figure 6-1. The CSM depicts

the relationships among the following elements:

e Site sources of contamination
e Contaminant release mechanisms and transport/migration pathways
e EXxposure routes

e Potential receptors

The elements of the CSM (i.e. sources of contamination, contaminant release mechanisms, transport and
migration pathways, exposure routes, and potential receptors) and how they pertain to UXO 7 are
discussed below. A summary of the exposure routes addressed quantitatively for each human receptor is

provided in Table 6-4.
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6.3.1.1 Site Sources of Environmental Contamination

UXO 7 is located within the boundaries of the ORR, which occupies approximately 20 acres. The ORR is
part of a larger unit designated as SWMU 7. UXO 7 is located immediately west of NSWC Crane
Highway 8 in the flat-lying floodplain of Turkey Creek. The site consists of a flat, grass-covered area
bisected from north to south by an unnamed but maintained gravel road. This road provides access to
various groundwater monitoring wells located within SWMU 7 and to a powder burning area that is a
RCRA-permitted OB facility. Currently, only the area of the ORR consisting of the OB facility is active.
The other areas used for rifle and pistol target practice are inactive. During previous RFI activities
conducted at SWMU 7, three new ranges were identified, West Trap Range, East Trap Range, and South
Pistol Range. A fourth area also investigated during this field event includes the rifle range along with its
main target area. Munitions handled at all of these locations consisted of small arms. During a
preliminary site visit, no MEC were observed, and based on the nature of the site operation, MEC are not
suspected to be present. MCs that might be present would consist of lead shot fired from the weapons.
Contamination would be located primarily in surface soil including the drainage areas to the east of the

site because lead mobility in soil is low.

UXO 7 includes three distinct zones currently under investigation: the Northern Zone (500- and 400-yard
firing positions and dirt mound), the Central Zone (300-, 200-, and 100-yard firing positions and former
East and West Trap Ranges), and the Southern Zone (main targets and barricade, hillside impact area,
and former South pistol range). All of these areas were used for small arms firing activities including rifle,

pistol and trap (Figure 4-1).

The configuration and past use of the site are such that MC releases to surface soil from the pistol range
and trap shooting areas are expected to be of small quantities. Release of metals (lead) would occur
through the deposition of lead shot dispersed over large areas. Thus, the majority of contamination is
expected to exist in the top layer (upper 6 inches) of the surrounding soil. The contaminants may have
migrated through surface soil to deeper soil and perhaps as deep as the groundwater table. However,
the majority of contamination is expected to reside near or in surface soil because of the deposition
mechanism and the very limited mobility of lead in soil. Surface soil poses the most significant exposure
route for humans.

Based on historical site data and sampling, the following parameters are among the site-related chemical

contaminants known to be present or potentially present in surface soil at UXO 7:

080806/P 6-10 CTO F272



NSWC Crane
UXO 7 RFI Report
Revision: 0

Date: July 2009
Section 6

Page 11 of 38

e Semivolatile organic compounds (namely PAHS)

e Inorganics

6.3.1.2 Potential Contaminant Release Mechanisms and Transport/Migration Pathways

As described in Section 6.3.1.1, the configuration and past use of the site are such that the majority of
contamination is expected to exist in the top layer (upper 6 inches) of the surrounding soil. Even though
contaminants may have migrated through surface soil to deeper soil and perhaps as deep as the
groundwater table, the majority of contamination is expected to reside near or in surface soil because of
the deposition mechanism and the very limited mobility of contaminants detected in soil at UXO 7
(i.e. PAHs and metals, especially lead). Based on information regarding past practices and chemical

releases at the site, plausible contaminant release and migration mechanisms include the following:

e Transport of chemicals deposited in surface soil via infiltration, percolation, and migration to
subsurface soil and the shallow groundwater aquifer. Given the nature of the chemicals detected at

UXO 7 (limited mobility in soil), risks for this exposure pathway are expected to be minimal.

e Migration of fugitive dusts and particulates from surface soil. However, because the site is grass

covered, emission of dusts into air is likely to be minimal.

6.3.1.3 Potential Current and Future Receptors of Concern and Exposure Pathways

NSWC Crane is an active Naval base and is expected to remain active for the foreseeable future. For
purposes of completeness, the baseline risk assessment considers receptor exposure under residential,
industrial, and recreational land use scenarios. Based on current and potential future land use, the

following potential receptors may be exposed to contaminated environmental media within UXO 7:

e Maintenance Workers — A plausible receptor under current and future land use. This includes adult
military or civilian personnel assigned duties on an infrequent basis within the study area
(e.g., groundskeeping activities, storm sewer and drainage maintenance). This receptor could be

exposed to surface soil via incidental ingestion, dermal contact, and inhalation.

e Occupational Worker — A plausible receptor under current and future land use. This includes adult
military or civilian personnel assigned to routine daily work tasks. This receptor could be exposed to
surface soil via incidental ingestion, dermal contact, and inhalation. This receptor is expected to be

exposed on a more frequent basis than the maintenance or construction worker.
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e Trespassers — A plausible receptor under current or future land use. Although access to the base is
controlled, once inside the base, access to the study area is not limited by any physical constraints.
In addition, hunting activities are permitted at the base. Because the study area is relatively remote
and surrounded by forested areas, hunters (particularly adolescents) may trespass within the study
areas. This receptor may be exposed to potentially contaminated surface soil via incidental ingestion,

dermal contact, and inhalation.

e Construction Workers - A plausible receptor under future land use. Construction/excavation
workers are evaluated in the risk assessment to account for the possibility that excavation and
construction could occur in the study area in the future. This receptor could be exposed to soil by

incidental ingestion, dermal contact, and air (inhalation).

e Recreational Users (Child and Adult) — A plausible receptor under future land use. If NSWC Crane
were to close, the most likely scenario is that the property would be converted to a park. A
recreational user may be exposed to potentially contaminated surface soil via incidental ingestion,

dermal contact, and inhalation.

e On-Base Residents (Child and Adult) — An unlikely receptor under future land use. Although this
scenario is highly unlikely, a future residential scenario is typically evaluated in a risk assessment for
decision-making purposes. For example, the need for deed restrictions at a site may be eliminated
prior to site closure if minimal risks are estimated for residential receptors. It is assumed that a
hypothetical resident may be exposed to surface soil via incidental ingestion, dermal contract, and

inhalation.

Details regarding the assumed receptor characteristics (e.g., intake rate, frequency, and duration of

exposure) are defined in Section 6.3.4.

6.3.2 Central Tendency Exposure Versus Reasonable Maximum Exposure

Traditionally, exposures evaluated in the HHRA were based on the concept of a reasonable maximum
exposure (RME) only, which is defined as "the maximum exposure that is reasonably expected to occur
at a site” (U.S. EPA, 1989). However, subsequent risk assessment guidance (U.S. EPA, 1992) indicates

the need to address an average case or central tendency exposure (CTE).
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To provide a full characterization of potential exposure, both RME and CTE scenarios were evaluated in
the HHRA for UXO 7. The available guidance (U.S. EPA, 1993) concerning the evaluation of CTE is
limited and at times vague. Therefore, professional judgment was exercised when defining CTE

conditions for a particular receptor at a site.

6.3.3 Exposure Point Concentrations

The exposure point concentration (EPC), which is calculated for COPCs only, is an estimate of the
chemical concentration within an exposure unit (EU) likely to be contacted over time by a receptor and is
used to estimate exposure intakes. An EU is defined as the area typically encountered/traversed by a
receptor under a particular land use scenario. For example, a residential lot size of ¥4 acre to 2 acres is
often used for the evaluation of a hypothetical future resident. However, the size of an EU is typically
based on the distribution of chemical concentrations in a medium as well as on presumed receptor

activity patterns.

The EU for surface soil at UXO 7 consists of the portions of the site where surface soil sampling was
conducted, namely the West Trap Range, East Trap Range, South Pistol Range, ORR shooting lanes
and main target area, and the hillside immediately south of the ORR target area and South Pistol Range.

Because the data set for surface soil contained 10 or more samples, the 95-percent upper confidence
limit (UCL) on the arithmetic mean, which was based on the distribution of the data set, was selected as
the EPC for the RME and CTE cases for non-lead exposures. EPCs were calculated following U.S.
EPA’s Calculating Upper Confidence Limits for Exposure Point Concentrations at Hazardous Waste Sites
(U.S. EPA, 2002) using the U.S. EPA’s ProUCL guidance (U.S. EPA, 2007).

Because lead concentrations varied significantly over the site, the site was divided into three EUs to
evaluate risks for lead: the Northern Zone (500- and 400-yard firing positions and dirt mound), the
Central Zone (300-, 200-, and 100-yard firing positions and former East and West Trap Ranges), and the
Southern Zone (main targets and barricade, hillside impact area, and former South Pistol Range). All of
these areas were used for small arms firing activities including rifle, pistol and trap shooting. As per U.S.

EPA guidance (2008), the average concentrations in these areas were used to assess risks for lead.

6.3.4 Chemical Intake Estimation

The methodologies and techniques used to estimate exposure intakes are presented in this section.

Intakes for the identified potential receptor groups were calculated using current U.S. EPA risk
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assessment guidance (e.g., 1991, 1997, and 2004) and are presented in the risk assessment
spreadsheets in Appendix E. The quantitative exposure parameter and risk assessment calculations are
presented in RAGS Part D format tables (Appendix E).

Non-carcinogenic intakes were estimated using the concept of an average annual exposure.
Carcinogenic intakes were calculated as an incremental lifetime exposure, which assumed a life
expectancy of 70 years. Assumptions regarding exposure are presented in Tables 6-5 and 6-6 for the

RME and CTE scenarios, respectively.

6.3.4.1 Dermal Contact with Soil

Direct physical contact with soil may result in the dermal absorption of chemicals. Exposures associated

with the dermal route are estimated using the following equation and exposure factors (U.S. EPA, 2004):

_ (C5)(SA)AF)(ABS)(CF)(EF)(ED)

Intakeg
(BW)(AT)
where:
Intakegj= amount of chemical "i" absorbed during contact with soil (mg/kg/day)
Csi = concentration of chemical "i" in soil (mg/kg)
SA = skin surface area available for contact (cmzlday)
AF = skin adherence factor (mg/cmz)
ABS = absorption factor (dimensionless)
CF = conversion factor (1 x 10 kg/mg)
EF = exposure frequency (days/year)
ED = exposure duration (years)
BW = body weight (kg)
AT = averaging time (days)

for non-carcinogens, AT = ED x 365 days/year

for carcinogens, AT = 70 years x 365 days/year

Exposed surface areas of the body available for dermal contact are determined on a receptor-specific
basis because they correspond with assumed human activities and clothing worn during exposure events.
Current guidance documents (U.S. EPA, 1997 and 2004) were used to develop the default assumptions
concerning the amount of skin surface area available for contact for a receptor. To maintain consistency

from project to project, input parameters previously used for other NSWC Crane risk assessments
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(e.g., TINUS, 2003a, 2003b, and 2005) were reviewed when developing the exposed surface areas. The
rationales used to select the skin areas were as follows:

e For construction workers, maintenance workers, and occupational workers exposed to surface soil,
the surface area available for soil contact was assumed to be the head, hands, and forearms. The
skin surface area is 3,300 cm® for the CTE and RME scenarios. These values represent the
50th-percentile areas for the head, hands, and forearms (U.S. EPA, 2004).

e For adolescent trespassers, 25 percent of the total body surface area for an adolescent (aged 6 to
16) was assumed to be available for surface soil contact. The RME value (3,820 cm?) was derived
from the 95th-percentile surface area data, and the CTE value (3,100 cm?) was derived from the
50th-percentile data, as provided in Table 6-6 of the Exposure Factors Handbook (U.S. EPA, 1997).

e For adult recreational users assumed to be exposed to soil, the exposed surface area available for
contact was the sum of the head, arms, hands, lower legs, and feet of an adult male. This skin
surface area is 9,070 cm? for the RME and CTE scenarios. This value represents the 50‘h-percentile
areas for the arms, hands, lower legs, and feet (U.S. EPA, 1997). For a small child recreational user
(O to 6 years old), it was assumed that 50 percent of the body surface area was exposed to surface
soil (i.e., 3,300 cm?). This value represents the 50th-percentile areas presented in Table 6-6 of the
Exposure Factors Handbook (U.S. EPA, 1997).

e For adult residents exposed to surface soil, the exposed surface area available for contact is the U.S.
EPA recommended value of 5,700 cm? for the RME and CTE scenarios (2004). This value assumes
that the adult resident is wearing a short-sleeved shirt, shorts, and shoes; therefore, the exposed skin
surface is limited to the head, hands, forearms, and lower legs. For a child resident, the
recommended value of 2,800 cm® was used as the exposed skin surface area for the RME and CTE
scenarios (2004). This value assumes that the child resident is wearing a short-sleeved shirt, shorts,
and no shoes; therefore, the exposed skin surface area is limited to the head, hands, forearms, lower

legs, and feet.

The following values of soil adherence factors provided in RAGS Part E (U.S. EPA, 2004) were used to

evaluate risks from exposure to soil:
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e Construction workers - 0.3 mg/cm? for the RME and 0.1 mg/cm?” for the CTE. These values are the
95th-percentile and geometric mean values for construction workers, respectively (U.S. EPA, 2004
and 2002).

e Maintenance workers and occupational workers - 0.2 mg/cm? for the RME and 0.02 mg/cm? for the
CTE (U.S. EPA, 2004).

e Adolescent trespassers, child recreational users, and child residents - 0.2 mg/cm? for the RME and
0.04 mg/cm? for the CTE. These values are the 95th—percentile and geometric mean values

presented for soccer players (teens) playing in moist conditions (U.S. EPA, 2004).

e Adult recreational users and adult residents - 0.07 mg/cm2 for the RME and 0.01 mg/cm2 for the CTE
(U.S. EPA, 2004).

For the constituents identified as COPCs in soil at UXO No. 7, the following absorption factors were used
(U.S. EPA, 2004):

e PAHs-0.13
e Arsenic - 0.03

As indicated in RAGS Part E, absorption factors for other metals have not been developed due to
insufficient data to support default values. Therefore, risks from dermal absorption of metals (other than
arsenic and cadmium) from soil were not quantified in this risk assessment. The uncertainty associated

with the omission of these constituents is discussed in the uncertainty analysis.

6.3.4.2 Incidental Ingestion of Soil

Incidental ingestion of soil by potential receptors coincides with dermal exposure. Exposures associated

with incidental ingestion were estimated in the following manner (U.S. EPA, 1989):

_ (Co)(Rs)(FD(EF)(ED)(CF)
(BW)(AT)

Intakeg;
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where:
Intakegj= intake of contaminant "i" from soil (mg/kg/day)
Csj = concentration of contaminant "i* in soil (mg/kg)
IRs = ingestion rate (mg/day)
FI = fraction ingested from contaminated source (dimensionless)
EF = exposure frequency (days/year)
ED = exposure duration (years)
CF = conversion factor (1 x 10 kg/mg)
BW = body weight (kg)
AT = averaging time (days);

for non-carcinogens, AT = ED x 365 days/year

for carcinogens, AT = 70 years x 365 days/year

The same exposure frequencies and durations used in the estimation of dermal intakes were used to
estimate exposure via incidental ingestion. Default values of 1.0 were used for the fraction of soil

ingested from the source for both the RME and CTE scenarios.

6.3.4.3 Inhalation of Air Containing Fugitive Dust/Volatiles Emitted from Soil

As stated previously, the inhalation pathway is quantitatively evaluated for chemicals identified as COPCs
in this HHRA because concentrations of several chemicals exceeded U.S. EPA SSLs for migration from
soil to air for construction workers. The chemical intakes for inhalation exposures are determined using
the concentration of the contaminant in air. Intakes of particulates from soil were calculated using the
following equation (U.S.EPA, December 1991, July 1996, and December 2002):

Intake, = [Csi X IR, X ET x EF x ED x (1/PEF) / (BW x AT)

where: Intakey intake of chemical "i" from air via inhalation (mg/kg/day)

Cs; = concentration of chemical "i" in soil (mg/kg)
IR, = inhalation rate (m*/hour or day)

ET = exposure time (hours/day)

EF = exposure frequency (days/year)

ED = exposure duration (year)

PEF = particulate emission factor (m®/kg)

BW = body weight (kg)
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AT averaging time (days);

for noncarcinogens, AT = ED x 365 days/year

for carcinogens, AT = 70 yr x 365 days/year

The concentration of a chemical in air is calculated using the methodology provided in the U.S. EPA’s Soil
Screening Guidance (1996 and 2002) and measured soil concentrations, site-specific information,
chemical-specific data, and model default values. An inhalation rate of 2.5 m* per hour for the RME and
CTE (U.S. EPA, 1997 and 2002) was used to calculate inhalation intakes for constructions workers

assuming an 8-hour workday.

6.3.4.4 Summary of Exposure Parameters

A summary of the exposure input parameters for all exposure pathways is presented in Tables 6-5 and
6-6 for the identified potential receptor groups at UXO 7. In general, standard default parameters
(e.g., U.S. EPA, 1991 and 1997), which combine mid-range and upper-end exposure factors, were used
to assess RME conditions. The CTE was assessed primarily by the use of mid-range exposure factors

presented in current risk assessment guidance (U.S. EPA, 1989 and 1993).

6.3.5 Exposure to Lead

The equations and methodology presented in the previous section cannot be used to evaluate exposure
to lead because of the absence of published dose-response parameters. Exposure to lead was assessed

using the following models:

e The latest version of U.S. EPA's Integrated Exposure Uptake Biokinetic (IEUBK) Model for lead
(2002). This model is typically used to evaluate lead exposure assuming a residential land use

scenario.

e The U.S. EPA’s TRW Model for Lead (2003). This model is typically used to evaluate lead exposure

assuming a non-residential land use scenario.

The IEUBK Model for lead is designed to estimate blood levels of lead in children (under 7 years of age)
based on either default or site-specific input values for air, drinking water, diet, dust, and soil exposure.
Studies indicate that infants and young children are extremely susceptible to adverse effects from
exposure to lead. Considerable behavioral and developmental impairments have been noted in children
with elevated blood-lead levels. The threshold for toxic effects from this chemical is believed to be in the
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range of 10 to 15 micrograms per deciliter (ug/dL). Blood-lead levels greater than 10 pg/dL are

considered to be a "concern."

For UXO 7, the IEUBK Model for lead was used to address exposure to lead in children when detected
soil concentrations exceeded the OSWER soil screening level of 400 mg/kg for residential land use (U.S.
EPA, 1994). Average chemical concentrations and default parameters for some input parameters were
used in the evaluation. Estimated blood-lead levels and probability density histograms are presented as

support documentation in Appendix E.

Non-residential adult exposure to lead in soil was evaluated using U.S. EPA’'s TRW Model for lead
(2003). In this model, adult exposure to lead in soil is addressed by an evaluation of the relationship
between the site soil lead concentration and the blood-lead concentration in the developing fetuses of
adult women. The adult lead model (ALM) generates a spreadsheet for each exposure scenario that is
evaluated (e.g., industrial, recreational). The output of the spreadsheet is the probability that the blood-

lead concentration in the fetus exceeds 10 ug/L.

No models are currently available to evaluate the periodic exposure of adolescent trespassers to lead.
Therefore, the results of the IEUBK Model for children were used to qualitatively assess exposure of this

receptor.

6.4 TOXICITY ASSESSMENT

The objective of the toxicity assessment is to identify the potential health hazards and adverse effects of
chemicals in exposed populations. Quantitative estimates of the relationship between the magnitude and
type of exposures and the severity or probability of human health effects are defined for the identified
COPCs. Quantitative toxicity values determined during this component of the risk assessments were
integrated with outputs of the exposure assessments to characterize the potential for the occurrence of

adverse health effects for each receptor group.

The toxicity value used to evaluate non-carcinogenic health effects is the RfD; carcinogenic effects are

guantified using the CSF.

6.4.1 Toxicity Criteria

Oral and inhalation RfDs and CSFs used in the HHRA for UXO No. 7 were obtained from the following
primary literature sources (U.S. EPA, 2003):
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e Integrated Risk Information System (IRIS) (online).

e U.S. EPA Provisional Peer Reviewed Toxicity Values (PPRTVs) — The Office of Research and
Development/National Center for Environmental Assessment (NCEA) Superfund Health Risk
Technical Support Center develops PPRTVs on a chemical-specific basis when requested by U.S.

EPA’s Superfund program.

e Other Toxicity Values — These sources include but are not limited to California Environmental
Protection Agency (CA EPA) toxicity values, Agency for Toxic Substances and Disease Registry
(ATSDR) Minimal Risk Levels (MRLs), and the Annual Health Effects Assessment Summary Tables
(HEAST) (U.S. EPA, 1997).

Although RfDs and CSFs can be found in several toxicological sources, U.S. EPA's IRIS online database
is the preferred source of toxicity values. This database is continuously updated and values presented
have been verified by U.S. EPA. The U.S. EPA Region 9 PRG Tables and Region 3 Risk-Based
Concentration (RBC) Tables were also used as a source of toxicity criteria when these criteria were not
available from the aforementioned references. The RfDs and CSFs for the constituents selected as
COPCs for UXO 7 are presented in Tables 6-7 through 6-10.

6.4.2 Toxicity Criteria for Dermal Exposure

RfDs and CSFs found in literature are typically expressed as administered doses; therefore, these values
are considered inappropriate for estimating the risks associated with dermal routes of exposure. Oral
dose-response parameters based on administered doses must be adjusted to absorbed doses before the

evaluation of estimated dermal exposure intakes is made.
The adjustment from administered to absorbed dose was made using chemical-specific absorption
efficiencies published in available guidance (i.e., U.S. EPA, 2004 [the primary reference], IRIS, ATSDR

toxicological profiles, etc.) and the following equations:

RfDdermal = (RfDoraI )(ABSGI )

CSI:dermal = (CSFom) /(ABSG|)

where: ABSg, = absorption efficiency in the gastrointestinal tract
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Absorption efficiencies used in the risk assessment reflect U.S. EPA’s current dermal assessment
guidance (2004).

6.4.3 Toxicity of Carcinogenic PAHs

Limited toxicity values are available to evaluate the carcinogenic effects from exposure to PAHs. The
most extensively studied PAH is benzo(a)pyrene, which is classified by U.S. EPA as a probable human
carcinogen. Although CSFs are available for benzo(a)pyrene, insufficient data are available to calculate
CSFs for other carcinogenic PAHs. Toxic effects for these chemicals were evaluated using the concept
of estimated orders of potential potency, which relate the potency of the other potentially carcinogenic
PAHs to the potency of benzo(a)pyrene, as presented in current U.S. EPA guidance (1993). The
equivalent oral and inhalation CSFs for these chemicals were derived by multiplying the CSFs for
benzo(a)pyrene by the orders of potential potency.

6.4.4 Chemicals that Act via a Mutagenic Mode of Action

The risks for carcinogenic PAHs were calculated using the U.S. EPA's 2005 Guidelines for Carcinogen
Risk Assessment (2005a) and Supplemental Guidance for Assessing Susceptibility from Early-Life
Exposure to Carcinogens (2005b) because of special considerations for carcinogens that act via a

mutagenic mode of action (e.g., PAHS).

The aspect of the new guidelines that most directly affects the calculation of cancer risks is the use of
age-dependent adjustment factors (ADAFS) to adjust cancer risk for receptors whose exposure includes
early life. For chemicals that the U.S. EPA has determined to be carcinogenic via a mutagenic mode of
action, special adjustments are applied in estimating cancer risks. For example, vinyl chloride has a
chemical-specific adjustment, as described in IRIS. For the other chemicals (e.g., PAHS), where no
chemical-specific ADAFs have been developed, default ADAFs are used: 10 for ages 0 to 2, 3 for ages 2
to 16, and no adjustment for ages 16 and up. In October 2006, U.S. EPA Region 3 began to use these
default ADAFs to calculate RBCs for a number of chemicals, including PAHs. The methodology used to
calculate risks for carcinogenic PAHSs in this risk assessment followed the examples provided in the
Region 3 document titled Derivation of RBCs for Carcinogens that Act Via a Mutagenic Mode of Action
and Incorporate Default ADAFs (U.S. EPA, 2006). For UXO 7, this methodology was used to calculate
risks for child and adult residents, child and adult recreational users, and adolescent trespassers. The
mutagenic mode of action calculations are provided in Appendix E.
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6.5 RISK CHARACTERIZATION
This section provides a characterization of the potential human health risks associated with potential
exposures to COPCs at UXO 7. Section 6.5.1 outlines the methods used to quantitatively estimate the

type and magnitude of potential risks for human receptors. A summary of the risk characterization for the
UXO 7 is provided in Section 6.5.2.

6.5.1 Quantitative Analysis

Quantitative estimates of risk were calculated according to risk assessment methods outlined in U.S. EPA
guidance (1989). Lifetime cancer risks are expressed in the form of dimensionless probabilities, referred
to as ILCRs, based on CSFs. Non-carcinogenic risk estimates are presented in the form of HQs

determined through a comparison of intakes with published RfDs.

ILCR estimates were generated for each carcinogenic COPC using estimated exposure intakes and

published CSFs, as follows:
ILCR = (Estimated Exposure Intake)(CSF)

If the above equation resulted in an ILCR greater than 0.01, the following equation was used to calculate

cancer risk estimates:

ILCR = 1-[exp(-Estimated Exposure Intake)(CSF)]
An ILCR of 1 x 10 indicates that the exposed receptor has a one-in-one-million chance of developing
cancer under the defined exposure scenario. Alternatively, such a risk may be interpreted as

representing one additional case of cancer in an exposed population of one million persons.

As mentioned previously, non-carcinogenic risks were assessed using the concepts of HQs and His. The

HQ for a non-carcinogenic COPC is the ratio of the estimated intake to the RfD, as follows:
HQ = (Estimated Exposure Intake) / (RfD)
An HI was generated by summing the individual HQs for all COPCs. The HI is not a mathematical

prediction of the severity of toxic effects and therefore is not a true "risk"; it is simply a numerical indicator

of the possibility of the occurrence of non-carcinogenic (threshold) effects.
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6.5.1.1 Comparison of Quantitative Risk Estimates to Benchmarks

To interpret quantitative risks and to aid risk managers in determining the need for remediation at a site,
guantitative risk estimates were compared to typical benchmarks. Calculated ILCRs were interpreted

using the U.S. EPA's "target risk range” (1 x 10° to 1 x 10™), and HIs were evaluated using a value of 1.0.

U.S. EPA has defined the range of 1 x 10° to 1 x 10™ as the ILCR target risk range for most hazardous
waste sites addressed under CERCLA and RCRA. IDEM has defined the same range for the non-default
evaluation under their RISC program. Individual or cumulative ILCRs greater than 1 x 10 will typically
not be considered as protective of human health and ILCRs less than 1 x 106 will typically be regarded as
protective. Risk management decisions are necessary when the ILCR is within the 1 x 10° to 1 x 10™

cancer risk range.

An HI exceeding unity (1.0) indicates that there may be potential non-carcinogenic health risks associated
with exposure. If an HI exceeded unity, a segregation of target organ effects associated with exposure to
the COPCs was performed. Only those chemicals that affect the same target organ(s) or exhibit similar
critical effect(s) are regarded as truly additive. Consequently, it may be possible for a cumulative HI to
exceed 1.0, but no adverse health effects are anticipated if the COPCs do not affect the same target

organ or exhibit the same critical effect.

6.5.2 Results of the Risk Characterization

This section contains a summary of the results of the risk characterization for UXO 7. Quantitative risk
estimates for potential human receptors were developed for those chemicals identified as COPCs.
Uncertainties associated with the risk estimates are discussed in Section 6.6. The exposure assessment
and toxicity assessment methodology used to calculate the risks presented in this section is provided in
Sections 6.3 and 6.4. Potential cancer risks and HIs were calculated for current/future maintenance
workers, occupational workers, adolescent trespassers, future construction workers, child recreational
users, adult recreational users, and on-site residents under the RME and CTE scenarios and are
summarized in Tables 6-11 and 6-12, respectively. Example calculations are presented in Appendix E,

and the results of the risk assessment in RAGS Part D format are also included in Appendix E.

6.5.2.1 Non-Carcinogenic Risks - RME

The target organ-specific His for all receptors, with the exception of construction workers, potentially

exposed to COPCs in surface soil at UXO 7 were less than unity (1.0), indicating that adverse non-
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carcinogenic health effects are not anticipated for these receptors under the defined RME exposure

conditions.

The HI for the construction worker was 6. This risk is primarily due to the exposure to manganese by
inhalation of dust and particulates (HI = 5). However, as shown in Tables 6-1 and 6-2, the concentrations
of manganese in surface soil at UXO 7 were found to be within background levels at NSWC Crane.

Consequently, the risk estimates for manganese are not related to past site activities.

As shown in Table 6-11, the total HI for the future child resident was 3. However, the target organ
analysis presented in Appendix E shows that the target organ-specific Hls for this receptor are less than
1. Therefore, adverse non-carcinogenic health effects are not anticipated for the child resident under the

defined RME exposure conditions.

6.5.2.2 Carcinogenic Risks — RME

Cumulative ILCRs for all potential receptors, except for hypothetical future residents, assumed to be
exposed to COPCs in surface soil at UXO 7 were within the U.S. EPA target risk range, 1x10° to 1x10™.

The total residential ILCR (child + adult ILCR = 3x10™) exceeded the target risk range. The primary
contributors to the ILCR were carcinogenic PAHs (child + adult ILCR = 2.3x10™), which accounted for
approximately 90 percent of the total residential ILCR. Concentrations of PAHs in samples
X7SS1210002 and X7SS1230002 were primarily responsible for the elevated cancer risks. Arsenic
accounted for the remainder of the total ILCR. As stated previously, future residents are unlikely
receptors at UXO 7. ILCRs for the more likely receptors at the site (e.g., maintenance workers or future

construction workers) were at the lower end of the U.S. EPA's target risk range.

6.5.2.3 Non-Carcinogenic Risks — CTE

The target organ-specific Hls for all receptors, with the exception of construction workers, were less than
unity (1.0), indicating that adverse non-carcinogenic health effects are not anticipated for these receptors

under the defined RME exposure conditions.

The HI for the construction worker was 6. This risk is primarily due to the exposure to manganese by
inhalation of dust and particulates (HI = 5). However, as discussed previously, the concentrations of
manganese in surface soil at UXO 7 were found to be within background levels at NSWC Crane, and the

risk estimates for manganese are likely not related to past site activities.
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6.5.2.4 Carcinogenic Risks — CTE

Cumulative ILCRs for all potential receptors were less than or within the U.S. EPA target risk range,
1x10° to 1x10™.

6.5.2.5 Evaluation of Exposure to Lead

Lead was identified as a COPC for surface soil at UXO 7 because the maximum detected lead
concentration (1,160 mg/kg) exceeded the 400 mg/kg OSWER soil screening level for residential land
use.

As discussed in Section 6.3.5, the methodology used to calculate the risks presented in Sections 6.3.4
cannot be used to evaluate exposure to lead because of the absence of published dose-response
parameters. Exposure to lead was assessed using the U.S. EPA's IEUBK Model for lead and the U.S.
EPA’s TRW ALM. The IEUBK Model is typically used to evaluate lead exposure assuming a residential
land use scenario, and the TRW Model is used to evaluate lead exposure for non-residential land use

scenarios.

The blood-lead concentration of a receptor is considered a key indicator of the potential for adverse
health effects. The IEUBK and TRW Models calculate the probability of a receptor’'s blood-lead level
exceeding 10 pg/dL. The U.S. EPA goal is to limit the childhood risk of exceeding a 10 pg/dL blood-lead
concentration to 5 percent.

Current U.S.EPA guidance (2008) recommends using the average concentration to evaluate exposure to
lead. Therefore, the average lead concentration in the Northern Zone (278 mg/kg) and model default
values for other model parameters were used in the IEUBK and ALM modeling. The average
concentration in the Northern Zone of the site was used in the model calculations because this area had
the highest average of the three zones. The results of the IEUBK Model and ALM evaluations are
presented in the following sections.
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IEUBK Model Results

IEUBK Model Results for UXO 7 Surface Soil

Probability of the Child Blood-

Predicted Geometric Mean Lead Level Exceeding 10 pg/dL

Lead Concentration Blood-Lead Level (ug/dL)

- (percent)
(U.S. EPA Goal =10) (U.S. EPA Goal = 5%)
Soil - 278 mg/kg 4.1 2.8

The results of the IEUBK Model evaluation indicate that the estimated geometric mean blood-lead level
for a child resident is 4.1 pg/dL, which is less than the established level of concern (10 pg/dL).
Approximately 2.8 percent of children are expected to experience blood-lead levels greater than 10 pg/dL.
This estimate is less than U.S. EPA’s goal of limiting exposure to lead so that no more than 5 percent of
exposed children have an estimated blood-lead level greater than the established level of concern
(10 pg/dL). The IEUBK evaluation is conservative because it assumes exposure by a hypothetical child
resident, which is unlikely to occur at UXO 7.

Adult Lead Model Results

Adult Lead Model Results for UXO 7 Surface Soil

Predicted Geometric Mean Probab|l|ty_of the Fetus of a
Worker Having a Blood-Lead
Blood-Lead Level of a Worker .
Receptor Level Exceeding 10 pg/dL
u.s Eglg/(dBL) =10 (percent)
(U.S. oal = 10) (U.S. EPA Goal = 5%)
Construction Worker 2.0 1.9
Maintenance Worker 1.7 1.3
Occupational Worker 2.2 2.5
Adult Recreational User 1.9 1.7

As shown in the above table, the central estimate blood-lead levels of all receptors evaluated for
exposure to the average concentration of lead in Northern Zone surface soil (278 mg/kg) were less than
the U.S. EPA goal of 10 pg/dL. The probabilities that blood-lead levels of fetuses of adult workers and
adult recreational users would be greater than 10 pg lead/dL of blood ranged from 1.7 to 2.1 percent.
These estimates are less than the U.S. EPA’s goal of limiting exposure to lead so that no more than
5 percent of exposed receptors have an estimated blood-lead level greater than the established level of
concern (10 pg/dL).
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Summary of Lead Model Evaluation

The IEUBK and ALM analyses of lead concentrations in surface soil at UXO 7 indicate that predicted
blood levels for children, adult workers, adult recreational users, and their fetuses were acceptable
(i.e., within U.S. EPA’s goals and the probabilities of exceeding these goals from exposure to lead in soil
were less than the U.S. EPA goal of 5 percent). The results of the IEUBK and ALM modeling are
presented in Appendix E. Because the results for the Northern Zone were less than U.S. EPA goals, it
was not necessary to estimate risks for the Central and Southern Zones because the average lead
concentrations in these areas (184 and 22.9 mg/kg, respectively) were less than the average

concentration in the Northern Zone (278 mg/kg).

6.6 UNCERTAINTY ANALYSIS

There is uncertainty associated with all aspects of the baseline HHRA. A summary of the uncertainties,

including a discussion of how they may affect the final risk estimates, is provided in this section.

Uncertainty in the selection of COPCs is related to the current status of the predictive databases, the
grouping of samples, the numbers, types and distributions of samples, and the procedures used to
include or exclude constituents as COPCs. Uncertainty associated with the exposure assessment
includes the values used as input variables for a given intake route or scenario, the assumptions made to
determine EPCs, and the predictions regarding future land use and population characteristics.
Uncertainty in the toxicity assessment includes the quality of the existing toxicity data needed to support
dose-response relationships and the weight of evidence used to determine the carcinogenicity of COPCs.
Uncertainty in risk characterization includes that associated with exposure to multiple chemicals and the
cumulative uncertainty from combining conservative assumptions made in earlier steps of the risk

assessment process.

Whereas there are various sources of uncertainty, the direction of uncertainty can be influenced by the
assumptions made throughout the risk assessment, including selection of COPCs and selection of values
for dose-response relationships. Throughout the entire risk assessment, assumptions are biased toward

a margin of safety so that the final calculated risks are overestimated.

Generally, risk assessments include two types of uncertainty; measurement and informational uncertainty.
Measurement uncertainty refers to the usual variance that accompanies scientific measurements. For
example, this type of uncertainty is associated with analytical data collected for each site. The risk

assessment reflects the accumulated variances of the individual values used.
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Informational uncertainty is associated with inadequate availability of information needed to complete the
toxicity and exposure assessments. Often, this gap is significant, such as the absence of information on
the effects of human exposure to low doses of a chemical, on the biological mechanism of action of a
chemical, or on the behavior of a chemical in soil.

After the risk assessment is complete, the results must be reviewed and evaluated to identify the types
and magnitude of uncertainty involved. Reliance on results from a risk assessment without consideration
of uncertainties, limitations, and assumptions inherent in the process can be misleading. For example, to
account for uncertainties in the development of exposure assumptions, conservative estimates must be
made to ensure that the particular assumptions made are protective of sensitive subpopulations or the
maximum exposed individuals. If a number of conservative assumptions are combined in an exposure
model, the resulting calculations can propagate the uncertainties associated with those assumptions,
thereby producing a much larger uncertainty for the final results. This uncertainty is biased toward over
predicting both carcinogenic and non-carcinogenic risks. Thus, both the results of the risk assessment
and the uncertainties associated with those results must be considered when making risk management
decisions.

This interpretation is especially relevant when the risks exceed the point of departure for defining
"acceptable" risk. For example, when risks calculated using a high degree of uncertainty are less than an
acceptable risk level (i.e., 10™ to 10°), the interpretation of no significant risk is typically straightforward.
However, when risks calculated using a high degree of uncertainty exceed an acceptable risk level

(i.e., 10™), a conclusion can be difficult unless uncertainty is considered.

6.6.1 Uncertainty in Selection of COPCs

The most significant issues related to uncertainty in COPC selection were the usability of existing
databases (i.e., the use of validated and unvalidated sample results [only validated data were used in this
risk assessment] and the completeness, precision, and accuracy of the data set), the inclusion of
chemicals potentially attributable to background in the quantitative risk assessment, the screening levels
used, and the absence of screening levels for a few chemicals detected in surface soil. A brief discussion

of each of these issues is provided in the remainder of this section.

080806/P 6-28 CTO F272



NSWC Crane
UXO 7 RFI Report
Revision: 0

Date: July 2009
Section 6

Page 29 of 38

Usability of Existing Databases

Data from samples collected during the 2007 RFI were used to assess risks to potential human receptors.
The RFI samples were biased because they were collected in areas of known or suspected
contamination. Because the sampling was biased, the uncertainty is expected to be minimal and risks
are not likely to be underestimated. The data were validated according to U.S.EPA National Validation
Functional Guidelines for Organic Data Review (1999), the Laboratory and Data Validation Functional
Guidelines for Evaluation of Inorganic Analysis (1994), and TtNUS SOPs. Only, fixed-base analytical
results from the field investigations were used in the quantitative risk evaluation. All detected
concentrations with "J" qualifiers were considered as positive detections and were used in the risk
evaluation. The use of estimated data adds to the uncertainty associated with the risk assessment;
however, the associated uncertainty is expected to be negligible compared to the other uncertainties
inherent in the risk evaluation process (e.g., uncertainties with land uses, exposure scenarios,
toxicological criteria, etc.). Lead data from 189 XRF samples were used to define the nature and extent
of lead contamination but were not used in the quantitative risk assessment. Omission of the XRF
samples from the risk assessment is expected to result in an overestimation of risks for lead because, in
general, the samples with elevated XRF lead concentrations were sent to the laboratory. Consequently,
samples with higher concentrations were used to determine the EPC for lead. For example, the average
concentration of lead from the laboratory samples in the Northern Zone was 278 mg/kg but the average of

the XRF samples in this area was 176 mg/kg.

COPC Screening Levels

The use of risk-based screening concentrations, based on conservative land use scenarios

(i.e., residential land use), corresponding to an ILCR of 106 and HI of 0.1 should ensure that all the

significant contributors to risk from a site were evaluated. The elimination of chemicals present at

concentrations that correspond to an ILCR less than 10-6 and an HI less than 0.1 should not affect the
final conclusions of the risk assessment because these chemicals are not expected to cause a potential

health concern at the detected concentrations.

Chemicals without Established Screening Levels

Risk-based screening levels are currently not available for some constituents [e.g., acenaphthylene,
2-methylnaphthalene, benzo(g,h,i)perylene, and phenanthrene]. Therefore, surrogates with similar
chemical structures were selected for these chemicals. In the COPC screening, acenaphthene was used

as a surrogate for acenaphthylene, naphthalene was used as a surrogate for 2-methylnaphthalene, and
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pyrene was selected as a surrogate for benzo(g,h,i)perylene and phenanthrene. Applying toxicity values
for one compound to another adds to uncertainty in the risk assessment both in regard to the selection of

COPCs and the subsequently calculated risks.

Because of a lack of inhalation toxicity data (i.e., inhalation CSFs and RfDs), U.S. EPA SSLs for the
migration from soil to air pathway are currently not available for number of constituents detected in soil at
UXO 7. This may result in an underestimation of risk for the inhalation exposure pathway. The
underestimation is likely to be negligible because the constituents that lack toxicity data are typically not a
concern for inhalation. In addition, the uncertainty is expected to be small because potential risks
associated with exposures via inhalation are typically orders of magnitude lower than those associated with
exposures via incidental ingestion and dermal contact with soil. A comparison of the screening criteria for
direct contact exposures with the screening criteria for migration from soil to air shows that, in most cases,
the direct contact screening criteria are at least an order of magnitude lower than the soil to air migration
screening criteria for the same chemical. If there are unacceptable risks resulting from inhalation
exposures, there are usually also unacceptable risks from exposures via the incidental ingestion and dermal

contact exposure pathways.

Chemicals Potentially Attributable to Background

Background concentrations were not a consideration in the COPC selection process. If the maximum
concentration of a chemical exceeded its respective screening level, that chemical was selected as a
COPC and evaluated in the quantitative risk assessment. However, background soil concentrations have
been characterized for the facility. The implications of not including background screening in the COPC

selection process are discussed in the following paragraph.

Eleven metals (aluminum, antimony, arsenic, barium, chromium, copper, iron, lead, manganese, thallium,
and vanadium) were identified as COPCs for quantitative risk evaluation. As shown in Tables 6-1 and
6 2, the concentrations of barium, manganese, and thallium were determined to be within background
levels at NSWC Crane. This is important for this risk assessment because manganese (by inhalation)
was found to be the major risk driver for the construction worker scenario. As shown in Table 6-11, the
total HI for the construction worker was 6. If barium, manganese, and thallium had not been included in
the quantitative risk assessment, the total HI would be 0.5, and the risks for this receptor would be
acceptable. Based on the above analysis, the inclusion of these three metals in the quantitative risk

assessment results in a significant overestimation of risk for the construction worker.
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6.6.2 Uncertainty in the Exposure Assessment

Uncertainty in the exposure assessment arises because of the methods used to calculate EPCs, the
determination of land use conditions, the selection of receptors and scenarios, and the selection of

exposure parameters. Each of these is discussed below.

Land Use

The current land use patterns at NSWC Crane are well established, thereby limiting the uncertainty
associated with land use assumptions. Land use at UXO 7 is currently limited and is expected to be
limited in the future as long as NSWC Crane remains an open base (i.e., occupational workers,
maintenance workers, and potential and infrequent trespassers are the only current and likely future
receptors). To be conservative, risks to potential current and future construction workers, current and

future recreational users, and hypothetical future residents were estimated for the site.

Exposure Point Concentrations

95-Percent UCLs were used to estimate risks for all COPCs (except lead) at UXO 7. Uncertainty is
associated with the use of the 95-percent UCL on the mean concentration as the EPC. As a result of
using the 95-percent UCL, the estimations of potential risk for the RME scenario are most likely
overstated because the UCL is a representation of the upper limit that potential receptors would be
exposed to over the entire exposure period. Uncertainty is also introduced when non-detects are
assigned a value of one-half the sample-specific quantitation limit in the calculation of the EPC. This may
either overstate or understate the risks to the receptors.

Exposure Routes and Receptor Identification

The determination of various receptor groups and exposure routes of potential concern was based on
current land use observed at the site and anticipated future land use. Therefore, the uncertainty
associated with the selection of exposure routes and potential receptors is minimal because they are
considered to be well defined. Although hypothetical future residential exposure to soil was evaluated,
this scenario it not expected to occur in the future. The evaluation of future residents was included

primarily to aid in risk management decision making.
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Exposure Parameters

Each exposure factor (for RME and CTE scenarios) selected for use in the risk assessment has some
associated uncertainty. Generally, exposure factors are based on surveys of physiological and lifestyle
profiles across the United States. The attributes and activities studied in these surveys generally have a
broad distribution. To avoid underestimation of exposure, in most cases, U.S. EPA guidelines (1991 and
1993) on the RME receptor were used, which generally specify the use of the 95" percentile for most
parameters. Therefore, the selected values for the RME receptor represent the upper bound of the

observed or expected habits of the majority of the population.

Generally, uncertainty can be assessed quantitatively for many assumptions made in determining factors
for calculating exposures and intakes. Many of these parameters were determined from statistical
analyses on human population characteristics. Often, the database used to summarize a particular
exposure parameter (i.e., body weight) is quite large. Consequently, the values chosen for such variables

in the RME scenario have low uncertainty.

Many of the exposure parameters used to calculate exposures and risks in this report were selected from
a distribution of possible values, including U.S. EPA guidance (1991 and 1993) and dermal guidance
(1997 and 2004). For the RME scenario, the value representing the 95" percentile is generally selected
for each parameter to ensure that the assessment bounds the actual risks from a postulated exposure.
This risk number is used in risk management decisions but does not indicate what a more average or

typical exposure might be or what risk range might be expected for individuals in the exposed population.

To address these issues, U.S. EPA (1992) suggested the use of the CTE receptor, whose intake
variables are often set at approximately the 50" percentile of the distribution. The risks for this receptor
seek to incorporate the range of uncertainty associated with various intake assumptions. Some of the
parameters presented in this risk assessment were estimated using professional judgment, although U.S.

EPA does provide limited guidance for the CTE evaluation (1993).

6.6.3 Uncertainty in the Toxicological Evaluation

Uncertainties associated with the toxicity assessment (determination of RfDs and CSFs and use of

available criteria) are presented in this section.
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Derivation of Toxicity Criteria

Uncertainty associated with the toxicity assessment is associated with hazard assessment and
dose-response evaluations for the COPCs. The hazard assessment deals with characterizing the nature
and strength of the evidence of causation or the likelihood that a chemical that induces adverse effects in
animals will also induce adverse effects in humans. Hazard assessment of carcinogenicity is evaluated
as a weight-of-evidence determination using the U.S. EPA methods. Positive animal cancer test data
suggest that humans contain tissue(s) that may manifest a carcinogenic response; however, the animal
data cannot necessarily be used to predict the target tissue in humans. In the hazard assessment of non-
cancer effects, however, positive animal data often suggest the nature of the effects (i.e., target tissues

and type of effects) anticipated in humans.

Uncertainty in hazard assessment arises from the nature and quality of the animal and human data.
Uncertainty is reduced when similar effects are observed across species, strain, sex, and exposure route;
when the magnitude of the response is clearly dose related; when pharmacokinetic data indicate a similar
fate in humans and animals; when postulated mechanisms of toxicity are similar for humans and animals;
and when the COC is structurally similar to other chemicals for which the toxicity is more completely

characterized.

Uncertainty in the dose-response evaluation includes the determination of a CSF for the carcinogenic
assessment and derivation of an RfD for the non-carcinogenic assessment. Uncertainty is introduced
from interspecies (animal to human) extrapolation, which, in the absence of quantitative pharmacokinetic
or mechanistic data, is usually based on consideration of interspecies differences in basal metabolic rate.
Uncertainty also results from intraspecies variation. Most toxicity experiments are performed with animals
that are very similar in age and genotype, so intragroup biological variation is minimal, but the human
population of concern may reflect a great deal of heterogeneity, including unusual sensitivity or tolerance
to the COPC. Even toxicity data from human occupational exposure reflect a bias because only those
individuals sufficiently healthy to attend work regularly (the "healthy worker effect") and those not
unusually sensitive to the chemical are likely to be occupationally exposed. Finally, uncertainty arises
from the quality of the key study and the database from which the quantitative estimate is derived. For
cancer effects, the uncertainty associated with dose-response factors is mitigated by assuming the
95-percent upper bound for the slope factor. Another source of uncertainty in carcinogenic assessment is
the method by which data from high doses in animal studies are extrapolated to the dose range expected
for environmentally exposed humans. The linearized multistage model, which is used in nearly all
guantitative estimations of human risk from animal data, is based on a nonthreshold assumption of

carcinogenesis. Evidence suggests however, that epigenetic carcinogens, as well as many genotoxic
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carcinogens, have a threshold below which they are non-carcinogenic. Therefore, the use of the

linearized multistage model is conservative for chemicals that exhibit a threshold for carcinogenicity.

For non-cancer effects, additional uncertainty factors may be applied in the derivation of the RfD to
mitigate poor quality of the key study or gaps in the database. Additional uncertainty for non-cancer
effects arises from the use of an effect level in the estimation of an RfD because this estimation is
predicated on the assumption of a threshold less than which adverse effects are not expected.
Therefore, an uncertainty factor is usually applied to estimate a no-effect level. Additional uncertainty
arises in estimation of an RfD for chronic exposure from subchronic data. Unless empirical data indicate
that effects do not worsen with increasing duration of exposure, an additional uncertainty factor is applied
to the no-effect level in the subchronic study. Uncertainty in the derivation of RfDs is mitigated by the use
of uncertainty and modifying factors that normally range between 3 and 10. The resulting combination of

uncertainty and modifying factors may reach 1,000 or more.

The derivation of dermal RfDs and CSFs from oral values may cause uncertainty. This is particularly the
case when no gastrointestinal absorption rates are available in the literature or when only qualitative

statements regarding absorption are available.

Uncertainty Associated with Evaluation of the Dermal Exposure Pathway

According to RAGS Part E (U.S. EPA, 2004), risks for dermal absorption of inorganics in soil are to be
guantitatively evaluated for arsenic and cadmium only. Therefore, risks from dermal exposure to aluminum,
antimony, iron, manganese, thallium, and vanadium in soil were not quantified in the risk assessment.
Consequently, potential risks for these media may be underestimated as a result of the exclusion of these
constituents from the dermal risk assessment calculations. The following paragraphs provide further
discussion regarding the uncertainty associated with the evaluation of the dermal absorption of metals from

soil.

The model for dermal exposure to soil assumes that only a very thin layer of soil of constant thickness is
available for contaminant transfer to the stratum corneum and that a constant amount of contaminant,
proportional to the soil concentration, will be absorbed per unit area of skin and per exposure event.
However, adherence to skin varies with such factors as particle size, soil type, and organic carbon content,
and U.S. EPA (2004) has estimated that the absorbed dermal dose could vary by as much as a factor of 50

from the model estimates used to develop absorption factors.
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Experimental determination of absorption rates indicates that interspecies differences are considerable,
which, along with other variables related to condition and age of skin, differences in lag time, and site of
application effects, yields appreciable uncertainty in estimated dermal exposures using published
chemical-specific permeation functions. In addition, literature data indicate a variation by as much as a
factor of 300 in chemical absorption rates for skin in different anatomical areas of the body. It should also

be noted that children generally have greater absorption rates than adults.

Uncertainty Associated with Toxicity Criteria for Aluminum and Iron

NCEA provisional RfDs were used to evaluate non-carcinogenic effects from exposure to aluminum and
iron. The provisional RfDs for these chemicals are based on allowable intakes rather than adverse effect
levels. Therefore, there is some degree of uncertainty associated with the use of the RfDs. Some U.S.
EPA regions (e.g., Region 1) consider the use of the oral RfD for aluminum and iron inappropriate and
recommend that these metals not be evaluated quantitatively in risk assessments.

Uncertainty Associated with the RfD for Manganese

The oral RfD for manganese listed in the October 2007 Region 3 PRG table (0.02 mg/kg/day) was used
to calculate risks for ingestion soil. However, there is some uncertainty in this RfD and how it is to be
used. For example, U.S. EPA Region 1 has recommended an RfD of 0.07 mg/kg/day for exposure to
manganese in soil based on discussions presented in IRIS. Consequently, use of 0.02 mg/kg/day to may
overestimate risks from ingestion of soil by a factor of 3.5. This should have little effect the results of the

risk assessment because the oral HQs calculated for manganese for all receptors were less than unity.

6.6.4 Uncertainty in the Risk Characterization

Uncertainty in risk characterization resulted from assumptions made regarding additivity of effects from
exposure to multiple COPCs from various exposure routes. High uncertainty exists when summing non-
cancer risks for several substances across different exposure pathways. This assumes that each
substance has a similar effect and/or mode of action. Even when chemicals affect the same target
organs, they may have different mechanisms of action or differ in their fate in the body, so additivity may
not have been an appropriate assumption. However, the assumption of additivity was considered

acceptable because in most cases it represented a conservative estimate of risk.
Risks to any individual may also have been overestimated by summing multiple assumed exposure pathway

risks for any single receptor. Although every effort was made to develop reasonable scenarios, not all
individual receptors may have been exposed via all pathways considered.
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Also, the risk characterization did not consider antagonistic or synergistic effects. Little or no information
was available to determine the potential for antagonism or synergism for the COPCs. Because
chemical-specific interactions could not be predicted, the likelihood for risks to be over predicted or under
predicted could not be defined, but the methodology used was based on current U.S. EPA guidance.

6.7 SUMMARY AND CONCLUSIONS

This section summarizes the results of the HHRA performed for UXO 7.

The baseline HHRA for UXO 7 was performed to characterize the potential risks to likely human receptors
under current and potential future land use. Potential receptors under current land use are maintenance
workers, occupational workers, and adolescent trespassers. Potential receptors under future land use
are construction workers, child and adult recreational users, and hypothetical child and adult residents.
Although future land use is likely to be the same as current land use, potential future receptors were

evaluated in the baseline HHRA primarily for decision-making purposes.

The list of COPCs for direct contact with surface soil at UXO 7 is as follows:

e PAHs - benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene,

dibenzo(a,h)anthracene, and indeno(1,2,3-cd)pyrene

e |norganics - aluminum, antimony, arsenic, barium, copper, iron, lead, manganese, thallium, and

vanadium
Risks for these COPCs were quantitatively evaluated in the risk assessment.
In addition to the COPCs based on direct contact listed above, COPCs were also identified for migration
from soil to groundwater. The following constituents were identified as COPCs for migration from soil to

groundwater:

e PAHs - benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene, chrysene,

fluoranthene, and indeno(1,2,3-cd)pyrene

e |norganics - antimony, arsenic, barium, cadmium, chromium, cobalt, lead, manganese, nickel,
selenium, and thallium
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Risk Assessment Results for COPCs other than Lead

Quantitative estimates of noncarcinogenic and carcinogenic risks (HIs and ILCRs, respectively) were

developed for potential human receptors.

Non-Carcinogenic Risks

The target organ-specific Hls for all receptors, with the exception of construction workers, potentially
exposed to COPCs in surface soil at UXO 7 were less than unity (1.0), indicating that adverse non-
carcinogenic health effects are not anticipated for these receptors under the defined RME exposure

conditions.

The HI for the construction worker was 6. This risk is primarily due to the exposure to manganese by
inhalation of dust and particulates. However, as shown in Tables 6-1 and 6-2, the concentrations of
manganese in surface soil at UXO 7 were found to be within background levels at NSWC Crane.

Consequently, the risk estimates for manganese are not likely related to past site activities.

Carcinogenic Risks

Cumulative ILCRs for all potential receptors, except for hypothetical future residents, assumed to be
exposed to COPCs in surface soil at UXO 7 were within the U.S. EPA target risk range, 1x10° to 1x10™.

The total residential ILCR (child + adult ILCR = 3x10™) exceeded the target risk range. The primary
contributors to the ILCR were carcinogenic PAHs. However, future residential exposures are unlikely to
occur at UXO 7. ILCRs for the more likely receptors at the site (e.g., maintenance workers or future
construction workers) were within U.S. EPA’s target risk range (i.e., they were slightly greater than
1x10°).  Concentrations of PAHs in samples X7SS1210002 and X7SS1230002 were primarily

responsible for the elevated residential cancer risks.

Risk Assessment Results for Exposure to Lead

Exposures to lead in surface soil at UXO 7 were evaluated using U.S. EPA’s IEUBK and ALM Models
based on the average lead concentration from fixed-base laboratory results. Risks for lead were
evaluated for future child residents, construction workers, occupational workers, and adult recreational
users. The IEUBK and ALM results indicated that predicted blood levels for children and for adult workers

and adult recreational users and their fetuses were acceptable (i.e., within U.S. EPA’s goals and the
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probabilities of exceeding these goals from exposure to lead in soil were less than the U.S. EPA goal of
5 percent).

In summary, no significant potential human health risks are expected for exposures to surface soil under
current land use at UXO 7. Under future land use, non-carcinogenic and/or carcinogenic risks exceeded
U.S. EPA risk benchmarks for future construction workers and hypothetical future residents. The risk to
construction workers was due to exposure to manganese via inhalation of dust and particulates. As
discussed in the risk assessment, the concentrations of manganese were found to be within backgroun<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>